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COMPLETE SPECIFICATION. 

Gaseous Display and Memory Apparatus. 



We, University of Illinois Foundation, 
a Corporation organized under the laws of 
the State of Illinois, United States of 
America, of 224 Illini Union, Urbana, Mi- 

5 nois, United States of America, do hereby 
declare the invention, for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, to be 
particularly described in and by the follow- 

10 ing statement: — 

This invention relates to gaseous display 
and memory apparatus and in particular to 
apparatus utilizing a pulsing type gaseous 
discharge cell having bistable characteristics. 

15 In accordance with the principles of the 
present invention, a pulsing discharge "mini- 
cell" is provided in which a suitable gas is 
placed intermediate and electrically insu- 
lated from a pair of conductors external to 

20 the gas cell. By coupling appropriate drive 
signals to the external conductors, the 
gaseous medium is discharged and the dis- 
charge is rapidly extinguished almost as soon 
as it is initiated. The term "miniceU" is 

25 herein sometimes used to denote a gaseous 
discharge cell adapted for panel array and 
which operates in this pulsing manner. As 
will be described in more detail, the pulsing 
operation occurs due to the rapid formation 

30 of wall charges in the cell which counteract 
the applied signal to such an extent that 
the discharge is quickly extinguished. 

In such a cell having suitable wall 
charges formed therein by the first discharge, 

35 the applied signal necessary to establish suc- 
ceeding discharges can have a significantly 
lower magnitude than that required to dis- 
charge the cell in the absence of wall charges. 
There is thus provided a bistable device in 



the voltage region between these two levels 
wherein memory resides, in effect, in the 
wall charges. 

The present invention is primarily con- 
cerned with utilization of the wall charge 
conditions as mentioned above to impart in- 
formation in display and memory systems as 
will be more particularly described herein- 
after. This invention is believed to con- 
stitute the first use of a pulsing type gaseous 
discharge cell in which wall charges are 
manipulated or controlled for imparting in- 
formation in information systems. Thus, 
while there will be described herein specific 
embodiments, structures, techniques and con- 
ditions for enabling one to practice the in- 
vention, it must be understood that it is 
within the scope of the invention to provide 
alternative embodiments, structures, etc. ob- 
vious to one skilled in the art after acquiring 
the teachings herein. 

A particularly useful application of the 
minicell described above is in a plasma dis- 
play unit wherein a plurality of such mini- 
cells can be incorporated in a compact panel 
array and appropriately operated to display 
desired subject matter. Using an array of 
minicells provides a much higher display 
resolution than any known gaseous display 
panel configuration. A compact display unit, 
such as a panel type, is very desirable for 
use with computer controlled teaching sys- 
tems. In rather large teaching systems, the 
disclosed cathode ray tube and storage tube 
display arrangement and the associated digi- 
tal to analog conversion equipment becomes 
very complex and costly. Due to the bistable 
characteristics of the gas cell of this inven- 
tion, an array of such cells can respond 



40 



45 



50 



55 



60 



65 



70 



75 



ft 

o 

LU 



1,161,832 



directly to the digital signals from the com- 
puter. . 

Previous attempts at forming gaseous dis- 
charge displays have utilized a number of 
5 relatively large cells each of which contains 
internal conductors placed within the cell, 
an illustrative example of one of these cells 
being the commonly known neon bulb. 
Either an alternating or a steady D.G signal 

10 of sufficient firing potential is applied to the 
internal electrodes and a glow discharge is 
initiated and maintained for almost the en- 
tire time during which the signal is applied. 
In the case of an applied alternating signal, 

15 the glow is maintained for almost the whole 
signal cycle. Such an arrangement is per- 
fectly satisfactory for operating individual 
cells. However, when it is desirable to ar- 
range such cells in a panel type array con- 

20 taming a great number of cells, it is required 
that rather elaborate isolating means be em- 
ployed between each of the cells to eliminate 
feed-back problems and the erroneous and 
ambiguous firing of undesired cells. In con- 

25 trast, according to one aspect of the present 
invention, by placing the conductors external 
to the gas cells, inherent isolation between 
an individual cell and any other of the cells 
as used in a display panel array is rjrqvided 

30 by the effective capacitive reactance in series- 
with each cell and the conductors. 

Some attempts have been made in the past 
to construct display and memory devices 
having a gas filled tube with external con- 

35 ductors. These prior devices provide a dis- 
charge by applying a very high frequency 
signal, usually in- the multi-megacycle fre- 
quency range, to the electrodes, producing 
a rapidly varying field coupled internally to 

40 the gaseous medium in the tube. The rapidly 
varying field causes the gas to ionize and the 
resulting discharge is present for the entire 
or substantially all of the applied signal 
cycle. For convenience we may term this 

45 type of discharge operation as type I. 

It is characteristic of type I discharges 
that there is no significant charging of the 
tube walls, since among other conditions, 
the frequency of the applied signal is suf- 

50 ficiently high to prevent the walls from as- 
suming a net charged condition.As an illus- 
trative example, if the applied signal fre- 
quency is extremely high, a condition exists 
where the polarity of the signal reverses so 

55 quickly that most of the charged particles 
remain in the volume between the walls and 
do not reach the walls. 

In all known attempts at prior art display 
and memory devices using a gaseous medium 

60 with either internal or external electrodes, 
the discharge and the resulting glow are 
maintained throughout the entire or substan- 
tially all of the applied signal cycle. Further- 
more, it is to be particularly noted that all 

65 known attempts at forming prior art gaseous 



discharge display and memory apparatus 
have utilized the memory associated with 
charges in the gas volume itself as opposed 
to the present invention wherein the memory 
is associated with charges on the cell walls 70 
as will be described. . t 

Another type of gaseous discharge opera- 
tion can be obtained, and for convenience 
we may refer to it as type IL With a type 
II operation,- a cell condition can be pro- 75 
vided such that wall charges are formed on 
the inner surfaces of the cell walls. Such 
a condition can be obtained by reducing toe 
dimensions of the cell or by reducing the fre- 
quency of the applied signal. Since oppo- 80 
sitely charged particles are attracted to re- 
spective cell walls, the voltage resulting from 
the wall charge condition is such as to op- 
pose the applied signal. m 

In certain circumstances in a type 11 83 
operation, the charge builds up on the walls 
very rapidly, so that the discharge is ex- 
tinguished almost as soon as, or shortly 
after, it starts. This produces a pulsing type 
discharge. The rapid establishment of the 90 
wall charges during a discharge, the resulting 
pulse type discharge, and the use of these 
conditions to impart information is the prim- 
ary concern of the present invention. 

-'in these pulse-type discharge situations, 95 
the time, of discharge is only a very small 
portion of the applied signal cycle For 
certain applied signal frequencies, the dis- 
charge is extinguished in less than 0.1 micro- 
second {100 nanoseconds) after initiation due 100 
to the opposing potential set up by the 
rapidly formed wall charge. In a typical case 
in this region, the charged wall condition 
occurs so rapidly that the discharge is ex- 
tinguished between 10 and 50 nanoseconds 105 
after initiation. However, whatever the fre- 
quency of the applied signal may be, it is a 
characteristic of the pulse-type discharge as 
herein described that the memory is asso- 
dated with charges on the cell walls and the 110 
actual discharge time of the gaseous medium 
occupies only a minute fraction of the ap- 
plied signal cycle. 

Hiememory residingin the charges on the 
cell walls enables the ignition of a cell with 115 
wall charges with a sustaining signal^whielf is 
of less magnitude that the signri' originally 
required to ignite a cell witamt wall charges. 

~Trfus, once the cell has -wall charges rapidly 
set up by the^bove manner, the cell can be 120 
reignited by lower magnitude sustaining sig- 
nals which, in effect, maintain the wall 
charge memory condition in cells previously 
ignited, but do not affect those cells having 
little or insignificant wall .char^- Turning 125 
the cell "off" can be accomplished ^by re- 
moving or reducing the wall charge below a 
specified level. It is this memory char- 
acteristic which enables the cell to be 
utulzed in information systems. A cell having 130 
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wall charges of the type to be herein des- 
cribed can be thought of as being in a dif- 
ferent state than one without wall charges. 
This bistable cell condition can be utilized 
5 to indicate information in both display and 
memory systems. 

It is believed that the rapid build-up of the 
wall charge constituting the basis of pulse 
discharge operation and the memory condi- 

10 tion depends on several factors. Among 
these are the type of gas utilized, the rate at 
which the discharge is developed, and the 
pressure level. The pulse discharge pheno- 
menon has been observed by others during, 

15 for instance, the investigation of the break- 
down of electrical insulators when subjected 
to the application of low frequency (60 cps) 
high voltage signals. One investigator 
noticed pulses in the 60 cps supply current 

20 applied in connection with glass cells having 
external electrodes 1.8 cm (0.71 inch) apart 
with a 1.2 cm (0.47 inch) spacing between 
the inner cell walls and Med with argon at 
pressures of 7—35 Torr (mm. of mercury). 

25 Another investigator of the ionization pheno- 
menon in gases also noticed current pulses 
in connection with internal cell lengths of 
1 cm (0.39 inch) and 2.2 cm (0.87 inch) 
filled with neon at pressures of 3.4 — 216 

30 Torr, and with applied signals less than 10 
kc. However, it is believed the present in- 
vention constitutes the first adaptation of 
rapidly formed wall charges resulting in pulse 
type gaseous discharges to impart informa- 

35 tion in display or memory apparatus. 

A combined switching network and an 
array of pulsing discharge miniceUs can pro- 
vide display and memory apparatus oper- 
able directly from digit coded information 

40 without the need of digital to analog con- 
version. This extremely simplifies prior 
art display arrangements which require 
digital to analog conversion equipment when 
it is desired to address the display panel 

45 using digital signals as ordinarily obtained 
from digital computers. The combined 
switching network and panel array to be 
hereinafter described can be addressed di- 
rectly by such digital signals from a com- 

50 puter. 

The invention will be better understood 
from the following detailed description there- 
of taken in conjunction with the accompany- 
ing drawings in which : 

55 Figure 1 is an exploded view illustrat- 
ing the construction of a panel array utilizing 
a number of gaseous pulsing discharge mini- 
cells according to the principles of the pre- 
sent invention; 

60 Figure 2 is a composite enlarged sectional 
view illustrating the construction of the puls- 
ing discharge minicell according to this in- 
vention; 

Figure 3 is a schematic diagram illustrat- 
65 ing an equivalent circuit for a single cell; 



Figures 4—7 are schematic diagrams illus- 
trating various signals applied to the mini- 
cell to perform desired operations thereof; 

Figure 8 is a schematic diagram illustrat- 
ing a combined switching network and panel 70 
matrix and incorporating the preferred 
method for addressing the panel matrix; 

Figure 9 is an exploded view of one em- 
bodiment incorporating the pulsing discharge 
panel array of minicells illustrated in Figure 75 
1 in a memory unit; 

Figure 10 illustrates in schematic form the 
preferred embodiment of a memory unit 
utilizing the pulsing discharge panel of 
Figure 1 in a planar array; 80 

Figure 11 is a schematic illustration of a 
sinusoidal signal which is an alternative form 
of applied signal for controlling formation 
of the wall charges in accordance with the 
principles of this invention; 85 

Figure 12 is a schematic diagram illus- 
trating apparatus utilizing the signal shown 
in Figure 11 for manipulating the wall 
charges of selected cells in a panel array in 
order to impart information; 90 

Figure 13 is a schematic diagram of an 
alternative embodiment of apparatus using 
the signal shown in Figure 11 for manipulat- 
ing the wall charges; 

Figure 14 is a schematic illustration of an 95 
interrupted sinusoidal sustaining signal and 
of suitable control signals applied during 
the gap for controlling information in ac- 
cordance with the principles of this inven-^ 
tion; 100 

Figure 15 is a schematic illustration of one 
embodiment of this invention wherein the 
sustaining signals are capacitively coupled 
to both sets of conductors, and wherein the 
selection signals are coupled through a re- 105 
sistance to the desired pair of intersecting 
conductors; 

Figure 16 is a schematic illustration of an- 
other embodiment of this invention which 
is especially useful for ri. shielding of the 110 
panel array; 

Figure 17 is a detailed schematic diagram 
illustrating one form of apparatus for gener- 
ating the interrupted sinusoidal signals of 
Figure 14; 115 

Figure 18 is a simplified schematic diagram 
of the circuit shown in Figure 15 for illus- 
trating the principle of operation; 

Figure 19 is a schematic illustration of 
an alternative technique which can be 120 
utilized for providing an interrupted sinu- 
soidal sustaining signal; 

Figure 19a is a schematic illustration of a 
series resonant capacitance-inductance cir- 
cuit utilized for providing approximately the 125 
interrupted sinusoidal signal of Figure 19; 

Figure 20 is a schematic illustration of 
alternative drive signals which can be applied 
to the gaseous cells to form two stable "on" 
states; 130 
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Figure 21 is a fragmentary perspective 
view illustrating apparatus for deriving a 
contrast in brightness between various cells, 
which is commonly known in the art as gray 

5 scale, • 
Figure 22 is a sectional view illustrating 
another form of the present invention where- 
in a phosphor coating is applied to the cell 
thus enabling a multi-color display to be 

10 obtained from a plurality of such cells; 
Figure 23 is a schematic block diagram or 
a high-speed printer utilizing an array of 
cells constructed according to the principles 
of the present invention, and wherein m- 

15 formation is fed into the array in a line by 
line manner; . c 

Figure 24 is a schematic illustration or a 
sustaining signal upon which there has been 
impressed a light pulse at opportune periods 

20 of time so as to select the turn-on or turn- 
off of a desired cell; 

Figure 25 is a schematic block diagram 
illustrating the application of a panel array 
according to the present invention as a dis- 

25 play panel in a television receiver; 

Ftaire 26 is a schematic block diagram 
illustrating the application of the cell array 
in a copier for transferring information from 
an original document to a recorder; and 

30 Figure 27 is a perspective view of a frag- 
ment of an alternate display panel which 
is especially adaptable for use as a small 
- ^display of alphabetical and numerical 
characters. t . .„ 

35 Referring now to Figure 1 there is illus- 
trated in an exploded and cut-away view 
the construction of a plasma panel matrix 
or array 20 of a plurality of minicells. The 
array 20 includes an inner insulating mem- 

40 ber 22 having a number of apertures 24 ar- 
ranged along mutually orthogonal reference 
axes illustrated by a horizontal axis 26 and 
a vertical axis 28. Aligned with the aper- 
tures 24 is a group of mutually orthogonal 

45 conductors 30 and 32 which the secured to 
respective outer insulating members 34 and 
36 so that the conductors are exterior to the 
volume defined by the apertures or cells 24 
and the inner insulating member 22 when 

50 the panel is assembled as shown in Figure 
2 It is to be understood that instead or 
the orthogonal arrangement of external con- 
ductors 30 and 32 aligned with the aper- 
tures 24, other arrangements are possible. 

55 For instance, the paired conductors can be 
at oblique angles or even parallel to eacn 
other if desired. The insulating members 
22 34 and 36 can be formed of a suitable 
glass material. For display purposes it is pre- 

60 ferred that either insulating members 34 
and 36 or both are constructed of trans- 
parent materials. 

Well known techniques such as etching 
can be utilized to precisely locate the aper- 
65 tures 24 in the insulating member 22. Fur- 



thermore, the conductors 30 and 32 can be 
formed by evaporating a very thin layer of 
gold on the outer surfaces 38 and 40 of the 
respective outer insulating members 34 and 
36 sothat for display purposes the conduc- 70 
tors are substantially transparent in order to 
transmit the light emitted from die cells. In 
the normal operating position of the panel 
array 20, the outer insulating members are 
placed closely adjacent to and abutting the 75 
Inner insulating member 22 such that the 
apertures or cells 24 are terminated at their 
ends by the inner surfaces 42 and 44 of the 
respective outer insulating members 34 and 
36 The volume within the cells 24 as de- 80 
fined by the surfaces 42 and 44 contains a 
suitable discharge responsive gas, and well 
known means are utilized for sealing the 
gas within the unit After assembling the 
panel array, the volume is first evacuated 85 
and then filled with the gaseous medium. A 
very small amounts of leakage occurs be- 
tween ^the cells so that during the filling 
operation the gas will eventually fill each 
cell While the array of ceDs may not be 90 
completely physically isolated, since minute 
leakage between the cells during filling is de- 
sired, the cells must be electrically isolated 
from each other in order to prevent ambigu- 
ous firing of adjacent cells. If desired the 95 
panel may in the alternative be assembled 
in the gaseous medium. . 

By applying a voltage between a pan- or 
external conductors the particular gas cell 
at the intersection of the corresponding con- 1UU 
ductors is discharged. For instance, the gas 
cell 24a is directly between and at the inter- 
section of the external conductors 30a and 
32a so that when a voltage large enough 
to ignite a discharge is applied between these 105 
conductors which are located on opposite 
sides of the cell array and external to the gas 
itself, only a gas cell 24a at the intersection 
of the conductors will fire. 

In the composite enlarged sectional view liu 
of Figure" 2 the external relation of the con- 
ductors 30 and 32 to the gas cells defined 
by the apertures 24 is clearly indicated. Each 
rninicell 45 includes a cell with nonconduct- 
ing cell walls 46 and 48, a gaseous discharge 115 
medium in. the cell, -and a pair 'of respective 
conductors 30 and 32 conductively isolated 
from the cell and adapted to be connected to 
a source of pulsing discharge signals. 

It must be realized, of course, instead ot 
the separate insulating members, suitable 
construction techniques may be utilized to 
provide an isolated gas cell in which the con- 
trol electrodes are mounted external there- 
to In feet it is possible that an array of \£> 
conductors can be externally placed on each 
side of electrically isolated but not physic- 
ally isolated gas "cells", such as in an elon- 
gated tube or panel filled completely with a 
homogeneous gas medium, so as to form UV 
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discrete wall charges on non-conductive walls 
adjacent selected paired conductors and the 
apparatus still operated according to this 
invention. 

5 It is clear that as in the prior art the ex- 
ternal voltages control the discharge cells 
through the two sets of orthogonal conduc- 
tors or electrodes. However, the behaviour 
of the gas cell according to the present in- 

10 vention is entirely different from the type 
of discharge associated with attempts at 
forming prior art display and memory de- 
vices. In the pulsing discharge minicell 45, 
a transfer of charge to the walls 46 and 48 

15 of the cell as shown in Figure 2, rapidly re- 
duces the exiting field inside the cell and 
extinguishes the discharge. We have found, 
for example, in our initial investigations that 
in a 95% neon-5% nitrogen gas medium 

20 maintained at 320 mm of mercury, within the 
cells 24, the discharge is extinguished within 
approximately 20—50 nanoseconds after it 
is initiated. Yet the radiated light is so in- 
tense under these circumstances that even 

25 with sinusoidal or pulse type control sig- 
nals applied to the external conductors hav- 
ing a period of 10 microseonds (100 KQ, 
so that the ratio of discharge time to "off 
time" for the cell is less than 1/100, the 

30 gaseous discharge provides enough light for 
display purposes. 

Furthermore, the charges built up on the 
cell walls remain on the walls for a period 
of time thus providing a memory cnarac- 

35 teristic for each minicell and a bistable de- 
vice which can be used to convey informa- 
tion. In the illustration of Figure 2, is is 
assumed that an applied varying voltage is 
positive on conductor 32b with respect to 

40 conductor 30b at the time of the discharge. 
After the discharge potential is reached, 
electrons are attracted to cell wall 46 and 
positive ions to cell wall 48, as shown in 
Figure 2. Similarly, when the discharge 

45 potential is such that the voltage on conduc- 
tor 32b is negative with respect to 30b the 
electrons flow to wall 48 and the positive 
ions to cell wall 46. To ignite a cell with 
waU charges, the applied voltage to the ex- 

50 ternal conductor may be as small as £ the 
voltage needed to fire the cell in the absence 
of wall charges. Therefore, if a "sustaining 
signal" having a magnitude of voltage be- 
tween these two levels is applied to all of 

55 the cells in the array, the cells having wall 
charges can be maintained in this state with- 
out changing the state of cells without wall 
charges. 

A number of minicells in a variety of 
60 sizes have been constructed, but a typical 
minicell can be considered as one in which 
the outer insulating members 34 and 36 are 
each 0.006 inch thick and in which the aper- 
tures or gas cells 24 are 0.010 inch in di- 
65 ameter and in height. An array of mini- 



cells has been constructed in which the in- 
sulating members are each 0.006 inch thick, 
the apertures or cells are each 0.015 inch in 
diameter and 0.006 inch in height, and the 
minicells are spaced on centers 0.025 inch 70 
apart. 

Referring now to Figure 3, there is illus- 
trated an equivalent circuit for the single cell 
in which C is the capacitance across the un- 
fired cell; Q is the capacitance between an 75 
outer electrode and the adjacent cell wall; 
and G is a switching mechanism which 
schematically represents the discharge itself. 
With a signal V 1 between the respective 
outer electrodes 30 and 32, V the voltage 80 
across the unfired cell represented by the 
capacitor C consists of two components— a 
voltage V d proportional to V 1 , and a voltage 
V 0 proportional to the charge Q on the cell 
walls. This may be expressed as 85 

v = v d +v 0 

w ( Q ) 
v d = v, 

Q+2C 



Whenever the gas breaks down, a quantity 
of charge flows to the cell walls to change 90 
the value of V 0 . Between firings, however, the 
cell "remembers" the value of V 0 . 

To initiate a discharge the voltage V 
across the capacitor C, representative of the 
unfired cell, must exceed the firing voltage 95 
V f . When the cell walls are substantially 
uncharged, the external signal must supply 
almost the entire voltage and since initially 
V 0 is nearly 0, V d must exceed very nearly 
the entire firing voltage V f . Once a discharge 100 
has occurred, and the cell walls have be- 
come charged, as indicated in Figures 2 and 
3 the external signal which is V d need only 
supply the difference between the firing volt- 
age V f and V 0 to fire the cell. 105 

The operation of the gas cell according to 
the present invention can be understood 
more clearly by also referring to the illu- 
strated V d signals of Figures 4—7 which are 
proportional to applied signals V 1 on con- 110 
ductors 30 and 32. One half of the required 
signal can be supplied to each of the conduc- 
tors 30 and 32 in a balanced manner so that 
the signal level across the conductors equals 
the required total signal. Any well known 115 
arrangement can be used. For instance, the 
conductors 30 and 32 can be capacitively 
coupled to opposite ends of a step-up trans- 
former secondary with center tap grounded 
in a push-pull manner. Identical oppositely 120 
phased signals will thus be coupled to the 
respective conductors. The primary side of 
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the transformer can be coupled to any well 
known type of circuit generating a series or 
train of pulses as illustrated. 
As will hereinafter be described the ap- 
5 propriate V d signal is chosen to enable the 
cell to perform the desired function. Since 
the voltage necessary to reignite a discharge 
can be less than that required to initially 
ignite it, at an intermediate voltage the gas 

10 cell is a bistable element Except when the 
state of a cell is changed, the voltage V d 
will be within this intermediate range, and 
is illustrated for example by the sustaining 
signal of Figure 5. In the ideal "0" state the 

15 cell walls 46 and 48 are uncharged so that 
V o =0 and the combination of V d and V 0 
is insufficient to fire the cell. In practice, it 
is only necessary that V 0 be sufficiently small 
such that when V 0 is combined with the 

20 peak V d the cell will not fire since- the com- 
bination never exceeds V f . In the *T' state, 
on the other hand, V 0 equals some value, 
due to the charge on the cell walls, within 
a range which might be termed a "suscept- 

25 ible firing range". In this range the cell is 
susceptible of being fired and will be fired 
by applying an external voltage such that 
V d combined with Vq due to the wall charge, 
exceeds the required firing voltage V f . 

30 In Figure 4 there is illustrated as V d one 
form of starting pulse which is proportional 
to a signal V 1 applied to the external con- 
ductors 30 and 32. It must be understood 
that the time scale of Figure 4 illustrating 

35 the starting pulse is different than that of 
Figure 5. This starting pulse can changes 
cell from the "0" state to the "1" state. It 
may be noted that the starting pulse rises 
above the firing voltage indicated as V f , 

40 such that the associated gas cell at the in- 
tersection point of the outer conductors will 
discharge. We have found, for example, that 
when the gas in the cell consists of a mixture 
of neon and approximately 5% nitrogen that 

45 an intense discharge is produced which 
causes a rapid flow of charges to the walls. 
This intense discharge is visible and is in- 
itiated and extinguished within approxi- 
mately 20—50 nanoseconds which is in- 

50 dicated by the reference character 50 on 
the starting pulse. Referring to the curve 
labeled 51 in Figure 4, it can be seeiUtat 
the discharge is extinguished- since the 
magnitude of the voltage V 0 due to the 

55 charge build up rises rapidly until 
the voltage V due to the com- 
bination of V d and V 0 is too small to sus- 
tain the discharge. Although the discharge is 
extinguished very quickly, the remaining 

60 charges in the volume continue to flow- to 
the cell walls 46 and 48, until the voltage 
V 0 proportional to the charge on the cell 
walls substantially equals the value of V d 
at the time of the discharge. In the preferred 

65 mode of oneration a depletion of the charged 



rides within the gaseous medium should 
accomplished simultaneously with the 
voltage V 0 reaching the V d signal level. In 
other words, the particles are exhausted 
when the actual cell voltage V is equal to 70 
zero. It is believed that if V 0 exceeds V d 
before all of the available charges have been 
transferred from the medium to the cell 
walls, the remaining charge particles will 
reverse their flow and partially counteract 7* 
the desired memory charge in the cell. Thus, 
it is preferred that a maximum amount of 
charge be transferred to the cell walls se- 
as to result in a maximum amount of 
memory. In some applications obtaining a 80 
maximum charge transfer may be of no sig- 
nificant consequence, and therefore a choice 
can be made as to the desired mode of 
operation. m . Q c 

In any case, on the negative excursion ot oo 
the starting pulse, the cell will again dis- 
charge when the sum of the voltage propor- 
tional to the charge stored on the cell walls, 
combined with the voltage V* exceeds the 
firing voltage. It may be noted that when W 
the applied V 1 signal in Figure 3 is reversal 
(on its negative excursion) the voltage V 0 
"aids" the applied signal so that the firing 
voltage level v f is reached at a lower level 
of the applied starting pulse. Assuming for 95 
instance that the firing voltage V f is 300 
volts, on the initial discharge, the amount 
of charge transferred to the cell walls will 
be such that the value of V 0 which is pro- 
portional to the cell wall charge will be close luu 
to but not quite 300 volts. Thus, if the trans- 
ferred charge is such that the voltage Vo- 
2QQ_volts aftera-first discharge, the cell will 
again discharge when the starting pulse is 
at approximately a negative 100 volts dur- 105 
ing its negative excursion as indicated at 
reference numeral 52 in Figure 4. The cell 
fires twice, one each half cycle, but the slope 
of the starting pulse is greater at the tome 
of the second discharge than it is at the nrst hu 
We have found in our investigations that the 
amount of charged particles produced in- 
creases with the slope of the voltage V d 
and therefore permits the magnitude v o 
after the second discharge to equal and even 115 
exceed the magnitude^ the ^ril--ctoge_4t — " 
-the- time the -second 'discharge occurred (100 
volts in the above example). 

Referring now to Figure 5 there is fllus- 
trated one form of what might be termed 12U 
"sustaining signals" (proportional to the 
signal applied across the outer conductors) 
which are utilized to periodically discharge 
cells in the "1" state and maintain such 
cells in the "1" state, without changing toe 125 
state of cells in the "0" state. The sustain- 
ing signal ofHgure 5 consists of a series of 
pulses 61 which are always coupled in a 
balanced manner to the external electrodes 
of the array. In order to provide the initial 13C 
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discharge and transfer a ceil to the "1" state, 
a starting pulse corresponding to Figure 4 
is applied to the external electrodes during 
the gap or period of time between pulses 

5 61 of the sustaining signal. Thereafter, all 
cells in the "1" or "on" state will be dis- 
charged briefly, once during each half cycle 
of the sustaining signal, while cells in the 
"0" or "off" state will remain in this state 

10 since they are not effected by the sustaining 
signal. 

In the "0" state the charge on the cell 
walls is sufficiently small so that V 0 com- 
bined with the sustaining signal will not 

15 exceed the firing voltage V f , and the cell 
cannot fire. Thus, no charge is transferred 
and the cell remains in the "0" state. In the 
"1" state, on the other hand, there is an 
amount of charge on the cell walls, such that 

20 the level of the applied sustaining signal 
when combined with the voltage V 0 pro- 
portional to the wall charge exceeds the fir- 
ing voltage and the cell will fire. Whether 
sinusoidal or pulse type sustaining signals 

25 are used, if we assume no charge leakage, 
etc., V 0 , in this case, is equal to 1/2 the volt- 
age change V e produced by the transfer of 
charge, or in other words, 

V 0 =1/2V C . 

30 After the discharge, 

V 0 = -1/2 V 0 

and on the negative excursion or half cycle 
of the sustaining signal the^cell fires again 
when the applied V* sustaining signal of 
35 Figure 5 added to the voltage due to the 
wall charge exceeds the firing voltage. The 
charge transfer this time restores V 0 to its 
previous value, and the cell remains in the 
"1" state. 

40 In practice we have found that the amount 
of wall charge after the actual second dis- 
charge in the negative half cycle of the start- 
ing pulse is close to the corresponding 
amount of wall charge that is produced on 

45 the negative half cycle portion of the pulse 
61 when the sustaining signals are reap- 
plied. This differential charging thus in- 
sures a rapid approach to equilibrium. For 
the case of the pulse type sustaining signals 

50 shown in Figure 5 the wall charges produced 
on the positive half cycles may slight- 
ly exceed those produced on the 
negative half cycles if there is a slight 
amount of leakage during the interval be- 

55 tween pulses 61. On the other hand, when 
the sustaining signal is sinusoidal the time 
intervals between firings are equal, the mag- 
nitude of the slopes at the times of firings 
are equal, and the magnitudes of the wall 

60 charges in equilibrium are equal. 

In accordance with the above description, 



the- cell discharges and is rapidly extin- 
guished in a pulsing manner twice, as in- 
dicated at reference numerals 54 and 56 on 
the sustaining signal in Figure 5. Hie pulses 65 
61 forming the sustaining signal are repeated 
periodically and to obtain adequate dis- 
play brightness the interval between pulses 
should be small. In fact when the interval 
goes to zero the signal becomes a sinusoid. 70 
Thus the pulse form of sustaining signal 
illustrated in Figure 5 is one wherein a 
series of pulses with a brief lapse of time 
between each pulse is applied to the outer 
conductors. We have found that even when 75 
the discharge extinguishes in less than ap- 
proximately 20 nanoseconds after it ignites, 
due to the presence of the resulting wall 
charge, the discharge may be reignited even 
when the time interval between sustaining 80 
pulses is increased to 200 microseconds. As 
an example of a pulse type sustaining signal, 
we have operated the cell satisfactorily with 
a signal having a "one cycle" pulse width 
of 1 microsecond and a repetition rate of 85 
5kc — lOkc (corresponding to a time interval 
of 100—200 microseconds between sustaining 
signal pulses). During the presence of the 
pulses 61, the cell pulse discharges twice in 
a time interval of approximately 0.5 micro- 90 
second. If desired, a continuous sinusoidal 
type of sustaining signal can also be utilized. 

It appears desirable for proper operation 
of the discharge cell that a suitable gas mix- 
ture is utilized such that an intense dis- 95 
charge is produced which causes a rapid flow 
of charges to the walls. In our investigations 
we have found that when neon alone is 
placed in the gas cell and excited with the 
sine wave shaped pulses as shown in Figures 100 
4 and 5, for instance, a discharge is pro- 
duced which lasts for almost the entire half 
cycle and that the amount of memory is 
very small. It is possible that neon alone 
can be made to function in accordance with 105 
the principles of this invention relating to 
the formation of wall charges and the re- 
sulting pulse type discharge, if the neon 
is excited under suitable conditions and with 
proper excitation or drive signals following 110 
the teachings herein. Furthermore, we have 
also investigated the use of nitrogen alone 
and we have found that a discharge is pro- 
duced and the cell walls become charged. 
The discharge, however, does not produce 115 
enough light for normal display purposes. 
As mentioned previously, our initial investi- 
gations have shown that a mixture of five 
to ten percent nitrogen with neon at 320 
mm of mercury in a typical size cell 0.010 120 
inch in diameter and height performs satis- 
factorily, although it is to be understood 
that this invention is not limited to this mi- 
ture alone, since any gas or gas mixture 
which produces a sufficient discharge such 125 
as to cause a rapid flow of charges to the 
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cell walls is capable of performing accord- 
ing to the teachings of the present inven- 
tion to impart information. 
For display purposes as mentioned pre- 
5 viously a gas mixture of neon and nitrogen 
may be utilized to produce the intense dis- 
charge, and this discharge is reignited by 
use of the pulsed sustaining signals as in- 
dicated. Thus, by initiating a discharge at 

10 suitable frequent intervals the discharge will 
be interpreted by a viewer as being con- 
tinuously on because of the retention tune 
of the human brain and the inability to react 
to such rapid changes. Also, if the repeti- 

15 tion rate of the pulsed sustaining signals 
illustrated in Figure 5 is increased, the light 
produced by the discharge appears to be- 
come more bright due to the increasing fre- 
quency of discharges. Similarly, a dimming 

20 effect of the light will be noticeable as the 
repetition rate of the sustaining signals is 
decreased. A somewhat similar effect can 
be produced by using a sinusoidal signal 
wherein the frequency is varied. It is thus 

25 possible to modulate the intensity of the 
light source by varying the repetition rate of 
the sustaining- signaL 

Ref erring now to Figure 6, there are illus- 
trated two pulsed signals either one of which 

30 is capable of reverting a cell from* the 1 
state to the "0" state. In the simplest tech- 
nique, the turn off pulse 57 having a oulse 
width much narrower than the sustaining 
pulses 61 is applied to the desired external 

35 conductors during a time period between 
two of the sustaining pulses. Many elec- 
trons leave the volume before the turn off 
pulse is completed, but the less mobile ions 
together with some electrons which they at- 

40 tract now drift to the walls where they 
neutralize the charge to leave V o =0. We 
have also found that the pulse 58 illus- 
trated in Figure 6, when applied during the 
period between two sustaining pulses leaves 

45 V 0 sufficiently small such that the following 
sustaining pulse is insufficient to fire the 
cell. V 0 then decays slowly to zero as the 
remaining charge leaks around the side walls. 
As in other types of gaseous discharges, 

50 the initial discharge requires the presence of 
some charged particles within the cell A 
reliable supply of such charged particles can 
be supplied in various manners such as by 
a radioactive coating on the cell walls, by 

55 photo-emission, by metastable bombardment, 
etc. As an example, a conditioning pulse 
having a pulse width of approximately 2 
microseconds can be applied to all of the 
conductors every 100—200 microseconds. 

60 This pulse leaves the wall charge con- 
ditions very much as they were before the 
pulse, and therefore, does not change states. 
However, it does create metastable atoms 
which slowly drift to the walls and upon 

65 colliding cause the emission of electrons. 



An example of such a pulse is shown by the 
signals 59 and 60 in Figure 7. Conditioning 
pulse 59 will discharge a cell hi the 0 
state twice and leave it in the "0" state; and 
will not affect cells in the "1" state since 70 
the polarity of the pulse 59 is opposite to 
that of the voltage due to the wall charges. 
Conditioning pulse 60 will fire a "0" cell 
only once and will leave the cell in the 
"0" state; cells in the "1" state are not 75 
affected by this signaL 

In Figure 8 there is illustrated a com- 
bined switching network and panel matrix 
62 having a plurality of minicefls 45, and in 
which there is provided a switching network 80 
capable of being controlled directly from tie 
output of a digital computer to drive the 
array of minicells. The minicells in panel 
matrix 20 are similar in construction to 
those illustrated in Figures 1 and 2. The 85 
apertures or gas cells 24 are each individu- 
ally located at the intersection point of a 
corresponding pair of mutually orthogonal 
conductors 30 and 32. Suitable conductors 
64' and 66 are connected to the panel matrix 90 
conductors and are coupled respectively to 
the row or X" switching network 68 andto 
the column or Y switching network 70. The 

V 1 

sustaining (and conditioning pulses — if 

2 

required) are applied through capacitors 72 95 
and 74 to all of the conductors of the panel 
matrix 20, -and the "on" and "off" signals 
are directed through digitally selected low 
impedance paths to the : ^ppTOpriate-eonduc- 
tors. Two ident ical circuits drive the two sets 100 
of conductors^). and 32 and the signals are 
balanced. WitrTrespect to ground, therefore, 
the sustaining signal on the row (or X) con- 
ductors 64 has only \ the amplitude of the 
signal illustrated in Figure 5, but it is 105 
matched by a similar out of phase signal 
on the column (or Y) conductors 30 so that 
the two combine to provide the required sus- 
taining signal. Another pair of signals is 
used to control the switching networks 68 110 
and 70 and they may be referred to by the 

reference characters S and S. 

Within the switching networks 68 and 
70, a number of switching elements 76 have 
been provided. -These switchmg^en^nta-ajre 115 
gas discharge cells constructed much like the 
cells of the display, however, they are filled 
only with a noble gas such as neon, and 
the electrodes are on the inside of the glass - 
panels as they are in direct current dis- 120 
charges. Thus, when the cells are fired by 
an alternating voltage, they stay on for a 
large part of the half cycle. If desired, the 
switching elements can instead be minicells 
either separate from or formed as one por- 125 
tion of the panel 20. , 

In the following description a technique 
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for establishing a conduction path in the 
X switching network 68 will be described. 
The switching elements 76a of the switching 
network 68 are arranged in columns, each 
5 column corresponding to a bit position in 
the computer word that selects a row in the 
panel matrix 20. Above and below each 

column is a terminal identified as T t or T 4 
to which the switching signals are applied. 
10 If the I th bit in the control word is a "1" 

the signal at T t is & and the signal at Ti 

is Si. If, on the other hand, the bit is a "0", 

the signal will be Si at T 4 and Si 

at Ti. One half the cells in the P h column 

15 are connected to Ti and the other half to Ti. 
The opposite electrodes are connected to 

T^ and Ti_ t in such, a way that exactly \ 
the cells in each column will fire. The bit 
and the (i-l) tb bit determine which cells they 
20 will be. One side of each cell in the left 
most column (i=0) is connected to terminal 

T r where it is driven by the signal S. 

As shown in the diagram of Figure 8 there 
are two cells in the first column (i=0) and 
25 four cells in the next 0=1). In general, the 
column labeled i=k has 2 k+l cells, thus if the 
array were larger, the enxt column (i=2) 
would have eight cells. At the right of all 
of the switching columns is a buffer column 

30 which keeps the S and S signals from pro- 
ducing a voltage across the cells. This 
column thus acts as a buffer between the 
panel matrix 20 and the corresponding 
switching network. 

35 Figure 8 illustrates the state of the switch- 
ing elements in the X switching network 
68 when the most significant bit (a 0 ) is a "1" 
and the next bit (a x ) is a "0". The switching 
elements in column 0 are controlled by the 

40 most significant bit a 0 , and since a 0 equals 
1 the signal at T 0 is therefore S and in 
column 0 switching element 01 fires due to 

the combination of an S signal at T r on one 
side of the switching element 01 and a 
45 signal S on the other side of this 
switching element at T 0 . Since the 
switching element 00 in column 0 has 

applied signals of S on both sides thereof, 
the element 00 does not fire. 

50 Since a a is a "0" the signal at T, is"i 

and at T, the signal is S. Therefore, in 
column 1 the cells 11 and 12 fire and a con- 



duction path leads from terminal X^ to cell 
b 3 in the buffer column. Since the signal at 

T x is S and the signal applied through the 55 
capacitors 72 is S, a proper firing potential 
is applied across the element b 2 in the buffer 
column to fire this element The conduction 
path thus extends from the input terminal 
X n of the switching network 68 to row 2 in 60 
the panel matrix 20. 

In the column or Y switching network 
70 which drives the column electrodes 30, 
the switching is the same. The appropriate 
switching elements in rows 0, 1, and the buf- 65 
fer row of the switching network 70 are 
selected in a manner similar to that pre- 
viously described in connection with the 
switching network 68 to provide a conduc- 
tion path which extends from the input term- 70 
inal Y in of the switching network 70 to 
column 2 in panel matrix 20. The signals at 
Xin and Ym thus combine so as to fire the 
desired cell in row 2, column 2 of the panel 
matrix 20. 75 

As can be seen in Figure 8, the sustaining 
signals are capacitively coupled through 
capacitors 72 and 74 to the grid conductors 
30 and 32. Instead of the illustrated indi- 
vidual capacitors, a pair of conducting plates 80 
can be placed adjacent to and separated by 
relatively thin insulating members from each 
of the grid conductors 30 and 32. Hie sus- 
taining signals can then be coupled to each 
plate since these signals are always present 85 
on all the cells in the array. The selection 
signals for turning "on" and "off" selected 
cells are coupled as previously described 
to the respective row and column conductor 
for the selected cell. 90 

Referring now to Figure 9, there is illus- 
trated one form of a memory unit utilizing 
the panel matrix shown in Figure 1. It has 
been previously noted that whenever the 
sustaining pulse drives the panel matrix or 95 
array, each minicell in the "1" state fires 
twice, and during each discharge it radiates 
a burst of light The minicells in the "0" 
state neither discharge nor radiate. In either 
case, the state of the cell? after application 100 
of the sustaining pulse is the same as the 
initial cell state. The memory in the cells 
actually resides in the charges which remain 
on the cell walls from pulse to pulse. Thus, 
by directing a pulse similar to the sustain- 105 
ing pulse to only one cell in an array there 
is provided a non-destructive read-out signal. 
The read pulse, of course, is timed to ap- 
pear during the period between adjacent sus- 
taining pulses. With the addition of suitable 110 
detectmg means, the panel matrix then has 
the properties of a digital computer memory. 

Figure 9 illustrates diagrammatically the 
construction of a memory unit having a six- 
teen word memory in which each word con- 115 
tains four bits. Each memory plane is 
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formed of an array of minicells 45 in a 
panel matrix 20 similar to that shown in 
Figure 1, and contains all the cells that cor- 
respond to one bit position in the word. 

5 The position of the cell in plane indicates 
the address of the word in the memory. Each 
of the panels 20 has a corresponding set of 
mutually orthogonal conductors as pre- 
viously indicated, and these have been elim- 

10 inated in Figure 9 for simplicity. It is con- 
venient to designate each cell position in the 
entire array by the triple subscript I m, n 
where for this memory all three indices run 
from 0 to 3. The index 1 indicates the 

15 memory plane and therefore the significance 
of the bit in the word. The indices m and n 
indicate the row and the column of the cell 
in its plane, and they determine the address 
of the word according to the relation 



20 



r=4m+n. 



Above each of the panels 20 is a suitable 
device 80 for detecting light. The device 80 
could be a currently available flat photo tube 
as shown in Figure 9; a bundle of light 

25 fibers leading to a photo-multiplier; or other 
light channeling apparatus. By utilizing ap- 
propriate engineering techniques -any of the 
well known methods and devices for.detect- 
ing the presence of light and providing axor- 

30 responding electrical signal can be employes 
as the device 80. In any case it is important 
that the light from every cell in each of 
the panels 20 can reach the corresponding 
light detector 80. The light detector, how- 

35 ever, need not know where in the plane the 
light is produced, since only one cell in 
each plane is read at one time. Therefore, as 
shown in Figure 9, the flat photo-tube 80 
above its corresponding panel 20 can receive 

40 light from all of the cells in the panel. Simi- 
larly, when using a bundle of light fibers 
each fiber can span many individual cells._ 
Suitable interrogating means can be em- 
ployed to determine the state of selected cells 

45 within the array and the following is an 
illustrative example of such means. To 
read a word at address r, a read pulse, which 
may be similar to the sustaining signal of 
Figure 5, is applied to the conductors m and 

50 n, at every plane during the time period be- 
tween sustaining pulses. For each plane on 
which the m, n bit is a "1", a pulse appears 
at the output of the photo-tube for -that 
plane. For each plane on which this bit is a 

55 "0" there is no pulse. The entire word 
therefore appears simultaneously at the out- 
put of the four photo-tubes. The remaining 
cells in row m and column n are, of course, 
excited with one-half amplitude pulses, but 

60 these produce no discharges and they do not 
change any states. 

In the preferred embodiment of a memory 
unit utilizing the principles of the present 



invention, reference may now be made to 
Figure 10 wherein 4 panel matrices 20 are 65 
arranged in a single plane with each serving 
the same function as described in connec- 
tion with Figure 9. It is understood, of 
course, that for simplicity in illustration of 
the memory apparatus the corresponding ex- 70 
ternal conductors have not been shown. In 
this preferred embodiment, the panels 20 are 
addressed in the same way with their outputs 
being detected by a corresponding light de- 
tector apparatus 82. In the apparatus illus- 75 
trated in Figure 10 a lens 84 is provided 
for each of the panels 20 and is located di- 
rectly above a corresponding panel to focus 
any incident light from such panel to a cor- 
responding photo-multiplier 86. It may be 80 
noted that in this embodiment the lenses 84 
can be more conveniently located to col- 
lect light for the photo-multipliers above. 
The photo-multiplier is a well known de- 
vice which detects light energy (photons) and 85 
converts this energy into an amplified elec- 
trical signal. 

It is understood, of course, that the 
memory apparatus illustrated in Figures 9 
and 10 has been shown merely to illustrate 90 
the teachings of the present invention. In 
a practical memory the number of words 
and the number of bits per word will be 
larger, but the physical arrangement will be 
, . similar. If there are k words the relation be- 95 
tween the address of the word and the bit 
position is 

r=k 2 m+n. 

. Furthermore, instead of light detecting 
means, suitable electrical interrogation tech- 100 
niques may be employed to detect the pre- 
sence of cell wall charges. 

As has been previously indicated, there 
must be a source of particles in order for 
the initial discharge to occur, and in most 105 
instances a sufficient supply of such particles 
Is available such that the discharge, may-be. - 
initiated "witfr-only a slight ana usually in- 
significant delay. However, it was mentioned 
that in order to provide a more reliable ap- 110 
paratus a supply of such particles can be 
supplied by periodically introducing a con- 
ditioning pulse. Another jnethod which can 
be utilized to produce Sucfi particles" is "by - * 
photo-electric -ermssion, and this property 115 
suggests an interesting application. 

Assuming in the first instance that there 
is an insufficient number of charged par- 
ticles in the volume and that furthermore 
no conditioning pulse is present,- under these 120 
circumstances none of these cells will light 
when a starting pulse such as shown in 
Figure 4 is applied to the cell. If we now 
project an image on the panel matrix by 
means of a lens, for instance, these cells 125 
which light above a certain threshold will 
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change to the "1" state due to the introduc- 
tion of a sufficient number of charged par- 
ticles in the cell, while the remaining cells 
which have not received a sufficient amount 

5 of light above the threshold level wUl stay in 
the "0" state. Thus, the display now has 
the digital ized image in a form that can be 
viewed and that can also be processed di- 
rectly by a computer. Hie property of photo- 

10 initiation can also be used to provide a 
graphic input to a computer. The program- 
mer can write directly on the panel matrix 
with a light producing pen and the informa- 
tion is again available for viewing and for 

15 computer processing. It can also be seen that 
the memory unit can be used to process in- 
formation directly on the panel in the man- 
ner of magnetic core memory storage units 
as used in digital computers. 

20 It is to be understood, of course, that a 
number of panel matrices such as shown in 
Figure 1 can be placed side by side so that 
their individual displays in a sense are added 
together. Such an arrangement can be pro- 

25 vided for instance when it is desired to pro- 
vide a large display. 

The enhancement of the efficiency of gas 
discharge tubes through the use of phosphors 
.is, of course, well known. An interesting ex- 

30 tension of this technique is the deposition 
of different color phosphors over adjacent 
cells in the manner of the shadow mask 
television tubes. With three or four dif- 
ferent phosphors each group of three or four 

35 cells forms a color unit and the display is 
capable of showing color images. Each of 
the color phosphors would be located at a 
corresponding insersection point so that it 
may be addressed. By suitably addressing 

40 the cells within a color unit, a variety of 
colors can be produced. The technique could 
even be combined with selective tinting of 
the glass to make possible a greater variety 
of effects. 

45 In a constructed single minicell, 0.010 inch 
(10 mils) in diameter and height, which was 
used for initial investigative purposes, a 
mixture of neon and 5 % nitrogen was main- 
tained at a pressure of 320 millimeters of 

50 mercury which enabled the constructed cell 
to provide an intense discharge bright 
enough for display purposes ana which 
created the aforementioned memory charac- 
teristic by virtue of the charged wall con- 

55 dition in the cell. In this instance the sus- 
taining signal had a pulse width of 1.0 micro- 
second, a repetition time of approximately 
100 — 200 microseconds, and an amplitude 
of approximately 700 volts between the ex- 

60 ternal conductors. The discharge was ini- 
tiated at approximately 600 volts and 
stabilized with the succeeding periodically 
applied sustaining signals at approximately 
300 volts. We had also initially determined 



that a mixture of neon with 5—10% nitro- 6 5 
gen at pressure levels between 315 milli- 
meters to 420 millimeters of mercury en- 
ables the cells to operate satisfactorily for 
either display or memory purposes. We have 
now further determined that operations at 70 
the higher pressure level of 420 millimeters 
of mercury allows an increase in the time in- 
terval between the sustaining pulses which 
reignite the discharge. It is believed that 
the metas table atoms produced during the 75 
discharge are slowed down in their dif- 
fusion to the cell wall by the higher pressure 
to thereby enable a longer time interval for 
the presence of electrons which are ejected 
from the walls as they are struck by the 80 
metastable atoms. 

In further studies and to further illus- 
trate examples of the present invention we 
have used an 8x8 array of minicells 45 
each being 0.015 inch (15 mils) in diameter 85 
and 0.006 inch (6 mils) in height. The cells 
have been filled with a mixture of neon and 
approximately 9 percent nitrogen at approxi- 
mately 700 millimeters of mercury. Each 
of the conductors associated with the center 90 
four rows and columns were connected to an 
amplifier, and all eight amplifiers were driven 
by a single 500 KC signal generator. The 
amplitude of the output signal at each line 
was set to one of three levels by transistor 95 
switches that were in turn controlled by 
manual switches, or through interface cir- 
cuitry to a digital computer whose output 
controlled selection of the cells in the array. 
In the sustaining mode the signals on all 100 
lines are at the intermediate voltage level; 
the combined signals across the cells are all 
within the sustaining range; and the pattern 
on the display remains unchanged. When the 
signals on each of two intersecting conduc- 105 
tors are raised to the highest level, the com- 
bined voltage across the cell at the inter- 
section exceeds the firing voltage, and the 
cell is turned on. The voltage across the 
other cells adjacent to the selected lines also 110 
rises, but not enough to fire the cells. Simi- 
larly, when the signal on two intersecting 
lines is reduced to the lowest level, the volt- 
age at the intersection falls below the mini- 
mum sustaining voltage and the cell is 115 
turned off. The voltage across the remain- 
ing cells along these lines is also reduced, 
but it also stays within the sustaining range. 

We have determined that a minicell con- 
structed according to the principles of fids 120 
invention can operate in a pulsing discharge 
manner using a mixture of neon and ap- 
proximately 2—10% nitrogen maintained at 
a pressure between 315 and 740 rnillimeters 
of mercury. We have also determined that 125 
for the most reliable operation in terms of 
stability of the firing and minimum sustain- 
ing voltage levels, with an acceptable range, 
termed "memory margin" between these two 
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levels, a mixture of neon and 9% nitrogen at 
700 millimeters of mercury is most desirable. 
In the example of the 8x8 array under the 
aforementioned conditions we found the 
5 firing voltage required between conductors to 
be about 820 volts and the minimum sus- 
taining voltage equal to about 520 volts. We 
found very small variations in these critical 
voltages and believe this is due to the fact 

10 that the portion of the Paschen curve that 
flat Not only are the critical voltages thus 
corresponds to these pressures is relatively 
relatively insensitive to variation in pressure, 
but we have also found them to be insensi- 

15 tive to variations in the widths of the de- 
posited electrodes, which were varied by as 
much as two to one with little effect. 

It will be appreciated that the above para- 
meters are given only as examples, since 

20 many of the benefits of a gas cell with wall 
charges operating in a pulsing discharge 
manner can be obtained with various other 
gases or gas mixtures at other pressure 
levels. Other gases and pressure ranges which 

25 will form wall charges under suitable condi- 
tions in accordance with the teachings herenr 
can be readily obtained by those skilled m 
the art Admittedly, the performances of 
such cells may be found to be superior or 

30 inferior to that in which a neon and 2—10% 
nitrogen mixture is used between the pres- 
sure ranges of 315—740 Torr. Insofar as 
our preliminary investigations are concerned, 
we have been able to determine that for a. 

35 neon and nitrogen mixture, the aforemen- 
tioned conditions are preferred when used 
with the techniques herein described. Yet 
for many practical applications, it is pos- 
sible that satisfactory wall charges can be 

40 formed in the cell so that a suitable memory 
margin is maintained using other gaseous 
mediums at other pressures. - 

It must be understood that the principle 
underlying the present invention is the 

45 formation of wall charges which are ac- 
cordingly manipulated to impart informa- 
tion. Thus, it is within the teachings of 
this invention to include various alternative 
embodiments to utilize this principle. For 

50 instance, as mentioned previously an array 
of conductors can be externally placed on 
each side of electrically isolated but not 
physically isolated cells. As an example, 
there can be provided a homogeneous gase- 

55 ous medium within non-conductive walls and 
intermediate a paired array of conductors 
which are adjacent the walls and external 
to the gaseous medium, so as to be conduo 
tively isolated from the gaseous medium. 

60 in this alternative embodiment the "cells" 
can be thought of as not being physically 
isolated. However, they are definitely elec- 
trically isolated since discrete wall charges 
can be selectively formed in accordance with 

65 this invention on the non-conductive cell 



walls adjacent each of the paired conduc- 
tors. Another alternative is to include con- 
ductive plates inside the cells and immedi- 
ately adjacent the cell walls. No direct elec- 
trical connection is made to the plates so 70 
that they are conductively isolated from each 
other, enabling the necessary charges to 
build up on the wall plate or plates. The 
sustaining signals and the selection and con- 
trol signals can be coupled to the cells in 75 
the same manner as previously described. 

Thus, we have provided a novel gaseous 
discharge cell adaptable for use in informa- 
tion systems, in which the electrodes are 
mounted externally and insulated from the 80 
cell itself, and in which a gaseous medium 
has been employed such that an intense dis- 
charge is produced which causes a rapid 
flow of charges to the walls which quickly 
extinguishes the discharge. By utilizing the 85 
teachings herein, displays with more than 
10,000 discretely addressable light sources 
per square inch can be constructed. It is 
also possible that for very large displays— 
for instance, a complete wall display— 90 
.larger size cells may be more suitable, and 
may be provided by using a lower pressure 
with tie voltages remaining approximately 
the same;- .. 

In addition, the inf donation jentered into 95 
a panel array can be read non-destructively 
directly from the display. For this reason, it 
should be possible to develop large capacity 
. memories with even greater densities, and 
with access time of the order of a few micro- 100 
seconds. 

In Figure 11 there is illustrated a con- 
tinuous sinusoidal signal 90 which as pre- 
viously mentioned can be used in the al- 
ternative as a suitable driving signal for 105 
manipulating the wall charges in selected 
cells. By only illustrating the pulse type 
signals of Figures 4 — 7 and the sinusoidal 
type signal of Figure 11, it is not to be as- 
sumed that the invention is so limited to 110 
these two types of signals alone, since-any 
" form. of. signal which is capable of manipu* 
lating the "wall charges as hereinbefore, des- 
cribed is within the teachings and scope of 
this invention. ^. ■ 

Figure 12 illustrates apparatus in which a 
sinusoidal type signal, such as is shown in 
Figure 11, is utilized to control the wall 
charges of selected cells: A panel array 20, 
as previously described, includes two sets of 120 
intersecting conductors external to the cells, 
and which are. coupled to suitable corres- — 
ponding conductors 92a— 92© and-94a— 94e. 

An oscillator 96 provides an output signal 
on line 98 corresponding to the sinusoidal 125 
signal 90. Suitable amplifiers may be pro- 
vided if desired in line 98 to increase the 
signal amplitude before coupling signal 90 to 
a series of line drive amplifiers 100a— lOOe 
which are respectively coupled to the con- 130 
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ductors 92a— 92e. In a balanced manner, 
similar signals of opposite polarity are 
coupled to conductors 94a — 94e by connect- 
ing the output of oscillator 96 to a 180° 

5 phase shift device or network 99 so that the 
voltage between the two sets of conductors is 
equal to twice the voltage on each set 

When no information is being transferred 
into or out of the panel array, the combina- 

10 tion of the signals 90 on each set of conduc- 
tors is less than the required firing voltage 
of the cells— thus similar in operation to 
the sustaining signals shown in Figure 5. 
Changing of the state of a selected cell 

15 which as described before is accomplished 
by manipulating the wall charges, can be 
provided by suitably varying the amplitude 
of the drive signal so that at a high level the 
cell is turned "on", while at a low level the 

20 cell is turned "off". One technique is as 
shown in Figure 12, wherein the gain charac- 
teristics of the corresponding line drive am- 
plifier is varied by means of respective 
amplitude control circuits 102a — 102e, com- 

25 prising any one of a number of well-known 
types of circuits, such as variable impedance 
circuits, for performing this function. Similar 
line drive amplifiers and amplitude control 
circuits are also connected to the conductor 

30 set 94a— 94e. 

As an example, if it is desired to change 
the state of the cell at the intersection of 
conductors 92a and 94a, amplitude con- 
trol means 102a is operated to vary the gain 

35 characteristics of line drive amplifier 100a 
and amplitude control means 103 a is oper- 
ated to vary the gain characteristics of line 
drive amplifier 105a, so as to increase the 
total voltage level across these conductors 

40 above the required firing level. When the 
voltage is thereafter reduced to the normal 
sustaining signal, this level is sufficient to 
maintain the cell in the "on" state with wall 
charges in the manner as described before, 

45 with the cell discharging once each half 
cycle of the applied sustaining signal. Chang- 
ing the cell to the "off" state is similarly 
accomplished by lowering the amplitude of 
the corresponding drive signal by means of 

50 the respective" amplitude control circuits. 
This reduces the total voltage across the 
cell below that required to cause a discharge. 
Furthermore, it leaves the cell with a suf- 
ficiently small wall charge, so that even when 

55 the signal' is increased to the normal sus- 
taining magnitude, the voltage due to the 
drive signal combined with the voltage due 
^- to the wall charges will not xeignije the cell 
If desired, the amplitude of the drive sig- 

60 nal 90 can be controlled by coupling suit- 
able output signals from a computer 104. 
Figure 13 illustrates an alternative embodi- 
ment wherein an oscillator 106 is coupled to 
a series of line drive amplifiers 108a— 108e, 

65 one for each respective conductor 110a— 



HOe. A similiar set of apparatus is con- 
nected to the other set of conductors, in- 
cluding a 180° phase shifter. However, for 
convenience only one set of apparatus is 
shown in Figure 13. The output of each am- 70 
plifier is a sinusoidal type signal 90 of "sus- 
taining level" but not sufficient by itself to 
ignite a cell without wall charges. By coup- 
ling either in phase or out of phase signals 
from the output of a corresponding control 75 
signal generator 112a— 112e, the selected cell 
can be respctivery placed "on" or "off". 
Timing and selection of the correct control 
signal can be controlled by the output of 
a computer through output computer lines 80 
114a— 114e. 

Figure 14 illustrates an interrupted sinu- 
soidal sustaining signal 120 which can be 
utilized as an alternative signal for con- 
trolling the wall charges in accordance with 85 
one aspect of this invention. It may be 
noted that the signal 120 is interrupted so 
as to be present during a period noted gener- 
ally by the reference character 122 separated 
by a gap 124 during which the signal 120 is 90 
not present. Suitable control signa ls are ap- 
plied to increase or decrease the bias level 
of the interrupted sinusoidal drive signal 120 
so as to selectively control the wall charges 
and thereby switch between respective states 95 
of the bistable cell device. 

As an example, there is illustrated, in 
Figure 14, a control signal 126 with an in- 
creasing voltage level portion 127 which is 
applied during the gap 124. The magnitude 100 
of the interrupted sinusoidal sustaining signal 
J 20 is arranged such that this signal alone 
^insufficient to switch states. Therefore, to 
drive a cell from the "off" state to the "on" 
state, the control signal 126 is applied with 105 
the increasing voltage level portion 127 oc- 
curring during the gap 124, (see signal desig- 
nated as "on" in Figure 14) such that when 
the signal 120 is again present after time T lt 
as indicated by this general reference charac- 110 
ter in Figure 14, the magnitude of the volt- 
age from the combination of signal 120 and 
signal 126 will be sufficient to discharge the 
cell after time T x . Of course after the initial 
discharge, a similar discharge occurs once 115 
during each half cycle of the sustaining sig- 
nal 120. When the bias is removed by the de- 
creasing voltage portion 128 of the control 
signal 126, the differential charging from 
discharge to discharge allows the average 120 
wall voltage to track the signal 126. Finally, 
after the bias has been removed, the cell 
fires once each half cycle at times when the 
slopes are equal, and when the amounts of 
wait charging are also equal 125 

In order to- change the state of a cell from 
"on" to "off", the bias is raised before the 
gap. Rreference may be had to the signal 
designated as "off" in Figure 14. As be- 
fore, the differential phasing allows the 130 
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average wall voltage to track the increasing 
portion 127 of the signal 126. The last fir- 
ing, before the gap, leaves the wall voltage 
at a level such that the sustaining voltage, 
in the absence of bias, would be insufficient 
to cause a discharge. During the gap the 
bias is removed by the decreasing portion 128 
of the control signal 126, and when the 
sustaining signal is resumed at Time T lf 
the cell cannot fire, and it remains in the 
"zero" state. For both write (change of 
state from "zero" to "one") and erase 
(change of state from "one" to "zero"), the 
bias at cells in the same row or the same 
column as the selected cell is one half that 
at the selected cell These smaller voltage 
changes cannot change the states of a cell. 
For these cells, and for the remaining cells 
in the array which have no bias changes, the 
wall charges "remember" the cell state in 
each cell through the gap interval. It is to be 
understood that, as previously described, the 
sinusoidal sustaining signals, as shown in 
Figures 11 and 14, are apphed^jto the con- 
ductors on array 20 after the state df-tbe cell 
has been- changed, and until the state of an- 
other cell is also to be dianged. It should 
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The control signal 126 can be provided 
by charging the natural capacitance at a 
driving electrode through a suitable resist- 
ance. A typical procedure is shown in Figure 
15, in which there is shown a fragment of a 
panel array 20 having transparent respective 
column and row conductors 129a and 129b 
aligned with crossing rows and columns erf 
cells 131. A sustaining signal generator 133 
supplies sustaining signals to the column 
and row conductors through suitable capaci- 
tive means 135. Selection signals from a 
selection network are coupled through the 
resistor R to the corresponding conductor. 

If the cell selected is in Row 1, the select 
signal at terminal R x is a flat top pulse whose 
rise and fall times are, for instance, small 
compared to the desired time constant for 
the control signal 126, and whose amplitude 
is one-half that required to cause a change of 
state in a cell. The value of the charging 
resistance R is chosen so that in conjunc- 
tion with the natural capacitance at Row 1, 
it provides the appropriately shaped control 
signal at the driving electrode. Of course 
a similar signal of opposite polarity must 
be applied to the column electrode that 
^ - - ~ J ■ - n The 
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oe puiiiuxi uut, uwYYVfv*, o'-r*; — — 
sinusoidal sustaining signal could be pro_- 
vided periodically, such as the gap 124 in 
signal 122 shown in Figure 14, without in- 
terfering with the successful operation of the 
device. „ _ , 

Control signal 126 is applied through suit- 
able switching networks to the correspond- 
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quiescent voltages at the two sets of driv- 
ing electrodes can be equal, but this is not 
necessary. In fact, a circuit simplification 
can-be. achieved if the two quiescent voltage 
levels differ by one half the total volta^ 
change rsqufcedto effect a- selection. With 
this coricfition the generator can be a sym- 100 



ing row ttiiu vwixxi^l nf '-nrnvirles these tWO Voltages at its OUtDUt 
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cell for controlling turn-on and turn-off op 
the celL This technique may bejennecf a 
"slow-wrfte and slow-erase".pi\£re cell array 
since information; "is^entered into and re- 
moved from the cells in a relatively longer 
time than in the previously described tech- 
niques. However, the writing and erasing 



provides these two voltages at its output 
terminals. The control signal is then gener- 
ated by riff"g"g the state of the flip-flop for - 
the required time and then changing it back 105 
to its original state. - 
In this slow addressing mode, the panel can 
niques. However, me wriuug be addressed ^ Wanced m^r, as des- 

rates obtainable from this technique are suit- _ crib^ above-for^e fester mode Several 
ablefor many applications so that a choice advantages can be gained, however, the uu 
2 t^o^corr^ponding to the intended- front set of electrodes is at A C ground and - 
u^ of tSTS «S Mrioftcr pertinent fac- if the entire panel is backed by an addi- 
use of toe ceu array ana ouicr F ^ tibnal^onductor which is grounded. This— - 

As an example of this technique, we- have configuration ^J^S^S^SfCSS 115 
utilized a 500 KC sinusoidal sustaining sig- the previousfedescr^a^y 20 is ooupted 115 
mQ120 The voltage required across the ...to a sustaining signal generator 133 through 
^ IdSto fire a cell was su^bl^pacitive means 135, and to a sdec- 
Et750 volts while the sustaining voltage tion iietworkJthrough resistors R. Notice m 
w about Sv& S a gap ieriodtf figure 16 that the front set J^u^T^O 
start 40 Xoseconds the total voltage, - (column conductors J^fg 

raSred of the control signal was nected-to the grouno^sffe of the sustaining 
< ™ e .i^!T SLmTZm^ :„ ooS^nth signal generat<^33f and that a panel con- 

du5ocl3?/in back of the entire set of other 
conductors, (row conductors. 129b), is also 
grounded. Insofar as radiation is concerned, 125 
the assembly behaves much like a co-axial 
cable with the front column conductors 129a 
and the back conductor plate 137 serving as 
electrical shields. The radiation js thus 
effectively confined to the panel itself. In 130 



about 320 volts. This voltage is across both 
of the cell conductors, so that only a 160 
volt change need be supplied to each con- 
ductor. We found that under these condi- 
tions the gap could be increased to 50 micro- 
seconds with little change in the memory 
margin. However, the memory margin tended 
to decrease with increases of the gap period 
beyond 50 microseconds. 
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addition, the sustaining signal generator, need 
supply only a single ended signa] and thus 
can be simpler than a generator with a 
balanced output. 
5 Referring now to Figure 17, the schematic 
diagram illustrates a generator that pro- 
vides a sinusoidal sustaining signal that can 
be interrupted as shown in Figure 14. In 
normal low current, low voltage applications, 
10 an interrupted sine wave signal can be gener- 
ated a number of ways. In the present ap- 
plication, however, voltages as high as 1200 
volts may be required; and, in an essentially 
capacitive load, the current may be as high 
15 as 4 amperes. The problem, therefore is to 
generate the interrupted sine wave signal of 
Figure 14, and at the same time to keep the 
energy dissipation small. 
The natural way to conserve energy in a 
20 sinusoidal signal is to develop the voltage 
across a tuned circuit. Switching energy in 
and out of the tuned circuit quickly, how- 
ever, is difficult. The generator 130 is a cir- 
cuit which interchanges a load capacitor with 
25 a dummy capacitor at precisely defined 
times, thus developing the correct wave form 
without excessive dissipation of energy. An 
important aspect of the generator 130 is that, 
although the output voltages are high, the 
30 actual switching is performed by transistors 
at low impedance, low voltage levels. 

The basic switching principle is illustrated 
in the simplified circuit diagram of Figure 
18. When the switch 132 is in the left posi- 
35 tion as shown in this Figure, the inductance 
134 and the capacitor 136 form a resonant 
circuit which is driven at the resonant fre- 
quency by the current generator 138. Once 
each half cycle, the voltage across load 
40 capacitor 136 is zero, and the energy is 
stored entirely in the magnetic field of the 
inductance. We assume now that, at (me of 
these times, the switch is thrown to dummy 
capacitor 140 in response to a control signal, 
45 and that contact to capacitor 140 is made 
- befoTAihejCoritactlo capacitor 136 is broken. 
Since the energy in the capacitors is zero, no 
energy is dissipated in the switch. Before 
the switching instant, the voltage across load 
50 capacitor 136 is sinusoidal; after it is zero. 
Similarly, at a later time, when the energy is 
again stored in the magnetic field, the switch- 
ing is reversed, and the voltage across capa- 
citor 136 is again sinusoidal with the origi- 
55 nal amplitudes. 

In practice the switch does not simply open 
— w and make the connections from the capaci- 
tors 136 and 140 to the inductance 134. In- 
stead, it changes impedance in these connect- 
60 ing lines, so that when the switch is driven, 
the signal across capacitors 136 or 140 dif- 
fers from that in Figure 14 only in that the 
amplitude erf the sine wave drops to a small 
value instead of zero. 
65 Referring now to the generator 130 shown 



in Figure 17, the inductance 142 and the 
equal capacitors 144 and 146 play the same 
role as the inductance 134 and the respec- 
tive capacitors 136 and 140 in the simplified 
circuit of Figure 18. Switching is per- 70 
formed by controlling the impedances re- 
flected into the circuit through the trans- 
formers 148 and 150. For example, when 
transistor 152 is cut off, the impedance in 
series with the load capacitor 144 is just the 75 
leakage reactance of the secondary of trans- 
former 150. This is chosen to be high. Thus 
the voltage across capacitor 144 is low. Dur- 
ing this time the transistor 154 is saturated, 
current can flow in one or the other of the 80 
half primaries, and the reflected impedance 
is low. The circuit loop containing induc- 
tance 142, dummy capacitor 146 and the 
reflected impedance at this time is a high Q 
(about 10) resonant circuit, and the voltage 85 
across capacitor 146 is high. On the other 
hand, if transistor 152 is saturated and tran- 
sistor 154 is cut off, the voltage across capa- 
citor 144 is high, and the voltage across 
capacitor 146 is low. The input signal energy 90 
is coupled into the circuit through a drive 
transistor 156 and a 30 : 1 step-up transformer 
158. 

Thus, in the preferred mode of operation, 
the transistor 152 is saturated, and transistor 95 
154 is cut off so that the input signal ap- 
pears as a continuous sinusoidal sustaining 
signal at output terminals 153 and 155 across 
the load capacitor 144. The sustaining sig- 
nal can then be selectively interrupted, in 100 
order to couple control signals to the array 
20, by coupling suitable signals to transistors 
152 and 154, thereby driving transistor 152 to 
cut off and transistor 154 to saturation. In 
the alternative, the sustaining signal can be 105 
periodically interrupted by coupling, respec- 
tively to transistors 152 and 154, two square 
wave signals synchronously opposite in polar- 
ity, so as to alternately drive the transistors 
between cut off and saturation. A circuit 110 
based on these principles has been con- 
structed which switches voltages at 600 volts, 
and which maintains a 40 to 1 ratio of volt- 
ages across the capacitors. 

Referring to Figures 19 and 19(a), an alter- 115 
nate technique can also be employed to pro- 
vide an interrupted approximately sinusoidal 
voltage. If an input step voltage wave form 
145 is applied from a suitable generator 157 
to a simple series resonant capacitive-induc- 120 
tive circuit 147 as shown in Figure 19(a), the 
output voltage across the capacitor C is a 
co-sinusoidal signal 149. The precise des- 
cription of the wave form 149, from t=0 to 
t=T, is V 0 =A(1 - cos 277ft), where A is the 125 
average voltage and f is title resonant fre- 
quency of the signal. 

Note that at the end of one period T, 
where T=l/f, the voltage is zero. At this 
time, the energy in the circuit is zero, all of 130 
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it having been returned to the generator. If 
at this time, the signal voltage 145 is dimi- 
nished by an amount 2A, a second co-sinu- 
soidal voltage 151 (from t=T to t=2T). * 
developed across the capacitance C, arid at 
time 2T the voltage across the capacitance C 
is again zero. K the input voltage 145 is re- 
duced to zero at this time, the output voltage 
remains at zero. If, on the other hand, the 
input voltage alternates between plus A and 
minus A once each period, a continuous volt- 
age appears across the capacitance C 

By interrupting the input square wave 145 
at some time mT, and resuming it at some 
later time nT, where m and n are integers, 
an interrupted voltage can be generated which 
is suitable for driving the display matrix. The 
required step voltage 145 can be provided 
by a transistor drive circuit if a closely 
coupled transformer is. used between the 
drive circuit and the sirnple series resonant 
circuit shown in Figure 19(a)< A generator 
based on this principle has beeft successfully 
used to drive the display matrix.^ 

In accordance with another aspe^oftnis 



half cycle approximately at reference point 
168, and on the succeeding positive half 
cycle at a reference point 170, where the" 
slope of signal 166 is approximately equal to 
that at point 168. Such a cell would , have 
a different "on" state than the previous 
cell which is in an "on" state corresponding 
to signal 160. For convenience, these two 
stable "on" states can be termed A and B. 

If we assume that a first cell is in "on" 
state A corresponding to drivel signal 160, 
application of signal 166 to this cell will have 
no effect. This result is obtained because 
the negative half cycle portion of signal 166 
is opposite in polarity to the voltage due to 
the wall charges formed in the-particular cell 
during the negative half cycle portion of 
signal 160; so that a combination of the 
applied signal 166 and the voltage due to 
the wall charges does not exceed the required 
firing voltage. During the positive half, 
cycle portion of signal 166 the applied sig- 
nal has the same polarity and, therefore, adds 
to the voltage resulting from the wall charges 
developed during the negative half cycle- of 
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r 7 t.^ —^AAeA ciiMi that eer^+hese two voltaee levels does not exceea 



tfeese two voltage levels does not exceed 
the^reouired firing voltage. Therefore, cells 
in the array 20 which are in the A "on" 
state are nofaffected by the signal 166 which 
controls only the cells in the B "on" state. 
Similarly, signal 160 has no effect on cells in 
theJB "on" state... Thus, an array 20 6 Can 
be provided with some cells in the A . on 
state whilst others are simultaneously in the 
B "on" stated. : • " 

This technique' is particularly applicable 
to use in memory apparatus wherein, instead 
of transferring information by changing the 
cells from an "off" state to an : "qn" state, in- 
formation can be transferred by changing be- 
tween the two "on" states, A and B. 
This technique may also find; application 
"ay apparatus wherein there can be 



flTthe sinusoidal shape is distorted in a proSVSst display on fibe. «n array 
manneTas shown in Figure 20, twrstable corresponding to ce%m the A on sta^ 

drive Xd 160 is formed such that the posi- respond^ttr ceTfc m the B . o£ 
tive tedfcycle portion extends to a h%er. arables the same ceU array to be utilized for 
wltagTmigmtJae than the negate half two separate jnd t distmct^images. 



described can be provided such that cer- 
tain "on" cells will be in a first «on state, 
whereas other "on" cells will be in a second 
"on" state. Such a condition can be pro- 
vided in the following manner. As previ- 
ously mentioned, it has been found -that the 
amount of wall charge formed within the 
inner cell is sensitive to the slope of the 
actuating drive signal. In the case of a con- 
tinuous sinusoidal drive signal, shown in 
Figure 11, the amount of wall charging is the 
same at each discharge, and the slopes of 
the voltage wave at the firing times will be 
equal. This is approximately true for the 
pulse "one cycle" type shown in Figure 
5 the differences in wall charging being ac- 
counted for by charge leakage between 
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cycle^portion. Assuming that a cell is dis- 
charged at the reference point 162 on the 
positive half cycle of signal 160, a discharge 
will again occur at the point- 164 on the 
negative half cycle. Th^re^t is obtained 
because the slope of the drive signal lou 
is approximately equal at point 162 and 
point 164 thereon. • . " . v 
Drive signal 166 is similar in shape and- 
symmetrical about the zero reference axis^tov 
signal 160. It may be noted thatihe ne^trve 
half cycle portion of signal -166 extends to 
a higher magnitude than , the positive half 
cycle portion thereofr A cell responsive to a 
skoal 166 will discharge on the negative 



In Figure 21> there is illustrated a tech- 
nique u tilizing the basic gaseous discharge 
cell of this, invention to provide the display 
with" contrast—commonly known as gray 
scale. A fragment 170 of ah array is shown 
in Figure 21 rWhich is constructed similar to 
that shown 'for the array 20. In particular, 
each of the cells m^^cgntams an iso- 
lated tjas^ediBnlwithiri surtatblej .insulating 
Tttatenal 180 with a pair of electrbdes^ch 
as electrodes 182 and 184 on opposite ^des 
of the insulating material 180 and externar 
to the gaseous medium within- each respec- 
tive celL The cells 172— 178 comprise^ 
spot cell cluster, each cell of which can be 
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selectively addressed resulting in a display 
having binary stepped intensity. As shown 
in Figure 21 each of the cells is covered with 
a respective screen 186—192 so that the 
5 light emitted from cells 172—178 varies in 
the respective amounts one half, one fourth, 
one eighth and one sixteenth relative to the 
total cluster intensity. 
Therefore, assuming, for display purposes, 

10 that the particular display spot represented 
by the cluster 170 on the array is to be com- 
pletely darkened, none of these cells in 
cluster 170 are ignited. If this spot repre- 
sented by cluster 170 is to emit a finite 

15 amount of light, cell 178 is ignited and by 
means of the screen 192 a small amount of 
light is emitted therefrom. The amount of 
light emitted from this cluster can thus be 
controlled by selectively addressing none, 

20 one, or any combination of the cells in the 
cluster thus providing a gray scale and a vari- 
able level of brightness. 

It is understood^ of course, that the array 
can comprise a plurality, of such clusters, 

25 with the spacing between the individual cells 
and between clusters designed in a manner 
suitable to the resolution desired for the 
particular display application. The screen- 
ing 186 — 192 can also be provided by photo- 

30 graphic emulsions on the insulator 180 in the 
form of a dot filter. 

For display purposes variable contrast or 
gray scale is a physiological variable. A 
variable contrast can, therefore, be provided 

35 without changing light intensity by varying 
the time that a cell is in the "1" state with 
respect to the time that it is in the "0" state. 
This may be termed the "duty cycle tech- 
nique". The basic interval in which the 

40 cell is in both states must be sufficiently 
small so that it can be repeated periodically 
without causing flicker. Consider, for ex- 
ample, a basic interval of a thirtieth of a- 
second — the frame time of standard tele- 

45 vision. To an observer, mayimnm apparent 
brightness occurs when the cell is in the "1" 
state during the entire interval. If the cell 
is in the "0" state at the beginning of the 
interval, the apparent brightness can be 

50 varied from the maximum down to zero by 
appropriately delaying the transition to the 
"1" state. 

This can be accomplished in the plasma 
display cell in several ways. Consider first, 

55 that the sustaining signal is steadily in- 
creased over the interval from somewhat be- 

_ - -ow the extmguishing voltage to somewhat 
above the firing voltage. If then, the initial 
wall charge of a cell is zero, the cell will 

60 make the transition from the "0" to the 
"1" state near the end of the interval. The 
greater the initial wall charge, the earlier in 
the interval the transition takes place. Fin- 
ally, if the initial wall charge is equal to the 

65 difference between the firing voltage and the 



extmguishing voltage, the transition occurs 
quickly after the beginning of the interval. 
In this technique, of course, the sustaining 
signal is increased over the interval not in 
just one cell, but on all cells of the display 70 
simultaneously. Each cell, however, in the 
display, makes its transition according to 
its respective initial wall charge. 

In a variation of this technique, the am- 
plitude of the sustaining signal is kept con- 75 
stant, and a linearly increasing voltage is 
superimposed on the sustaining voltage over 
the entire interval. Again, the transition for 
each cell from the "0" to the "1" state is 
controlled by the amount of the initial wall 80 
charge. 

The amount of the initial wall charge can 
be controlled by a procedure that is similar 
to the slow-write technique described above 
in connection with Figure 14. Hie cell is 85 
first fired by superimposing on the sustaining 
voltage a slowly increasing voltage, which 
we previously referred to as the bias. Once 
the cell fires, the sequence of discharges is 
maintained, and the average wall voltage 90 
tracks the bias in the usual way as was des- 
cribed, _above, Xbe^Jbias is adjusted to the 
appropriate voltage for the initial wall 
charge, and the sustaining voltage is inter- 
rupted after the appropriate discharge. For 95 
example, if the initial wall voltage is to be 
set a small amount above zero, the firing se- 
quence is started as described, and the bias is 
then adjusted until the wall voltage, after 
the discharges that occur on, for instance, 100 
the lower half cycle, is at the desired level. 
The alternate discharges, of course, leave 
the walls adjusted to entirely different volt- 
ages. 

After one of the lower half cycle dis- 105 
charges, .the sustaining voltage is removed, 
as described earlier in the discussion of 
Figure 14. The bias is then also removed, 
and the wall voltage is at the desired level. 

The appropriate initial wall voltages can 110 
be set in all cells in one line by applying 
part of the bias voltage to the electrode that 
is common to all cells, together with appro- 
priate voltages on the intersecting electrodes 
that are unique to each cell. Actually, the 115 
entire bias voltage could be supplied to the 
electrode unique to each cell, with the com- 
mon electrode being left unchanged. 

Figure 22 is an illustration of a technique 
previously mentioned for providing a multi- 120 
color display. A group or cluster of three or 
four cells can be combined to form a color 
unit A single cell of such a unit is shown 
in the sectional view of Figure 22, for illus- 
tration. It has been found, in our investiga- 125 
tions of the basic gaseous discharge cell, that 
a significant amount of the radiant energy 
emitted by the. cell during discharge resides 
in the near ultra-violet region. This condi- 
tion can be utilized by providing a phosphor 130 
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coating 194 inside the cell 196 formed with- 
in a suitable insulator 198. When a suit- 
able discharge signal is connected to the in- 
tersecting external electrodes 200 and 202, 
the gaseous medium in the cell is discharged, 
and the phosphor responds to the emitted 
energy in the ultra-violet region so as to emit 
the desired light color. By suitably placing 
different types of phosphors in respective 
cells of each cluster, a variety of color 
effects may be obtained by selectively ad- 
dressing any combination of cells in each 
duster. . 

Each cluster can be constructed similar in 
form to that illustrated in Figure 21. Alter- 
natively, the glass insulating material can be 
of the type, such as quartz, which will more 
efficiently transmit the proper ultra-violet 
radiation emitted from a selected cell to dif- 
ferent phosphor films on the outside of the 
gas cell. As mentioned previously several 



, this technique 

iormatiQn transfer rate 



be turned off. Inaj 
can increase the 
considerably. . 

In computer based education systems, ana 
in other information retrieval systems, it is 
often necessary to erase just one character, 
or just one line of characters. Either or 
these operations can be carried out in one 
erase cycle by addressing all appropriate 
electrodes at once. For example, a charac- 
ter written on a raster of 7x5 cells can be 
erased by connecting erase signals to the 7 
rows and the 5 columns that define that 
raster. Of course, in the process, erase signals 
are also sent to cells that are already off 
but these cells simply remain in the "0" state. 
In a s imil ar manner, a line of characters can 
be erased, and, in fact, the entire display can 
be erased if erase signals are connected to 
all electrodes in the display. 
For purposes of illustration, reference 
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gas cell As menuonea previously acvwoi ^ ^ F^r^* ~~ — ~ - :« 
ftSV also .be p^by^y 



tinting the glass in front of the cells. Thus 
if a color cluster contains four cells, for 
example, the glass in front of one cell might 
be colored red, a second green, a .third blue, 
and a fourth yellow. The jkss in fropt. of 
the- fourth cell cffiild alscTBe cTear^TEe two 
techniques, use of phosphors and use of 
colored glass, can of course be combined.-. 
Figure 23 illustrates apparatus for writ- 
ing information into the cell array 20 in 
a line-by-line manner from the output of 
a computer 210. The computer 210 receives 
input data 212 from a variety of sources, and 
in various formats, which are then processed 
in the computer. Output information from 
the computer is coupled through suitable 
switching networks 214 and written into the 
array 20. Figure 23. also shows a recording 
device 216 for making permanent records 
of the images on the display. Ab«illjbe 
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shown an "array 20 similar jn-constttxcfion to 
the array 20 showrwfor'instance, in Figure 
1, with lke twckse-ts of conductors not bang 
shown pnfy'to facilitate the display fflustraL-. 
£orr: ~In an important special case, a single 
line of cells, or part of a single line, is 
written or erased. For example, if an erase 
signal is applied to the .row electrode 217a 
"and corresponding erase signals are applied 
to all column electrodes. 219a through 219z, 
me entire line will be erased. If a write sig- 
nal is then applied to row electrode 217a, 
and if simultaneously the corresponding write 10U 
signal is applied to selected columns, an 
entire line of information is written in one 
write cycle. Other lines can be written in 
a similar manner. Thus, if the entire dis- 
play is erased at once in the manner des- 105 
cribed above, the complete display can be 
of tne images on me uispi^. ******* - written in as many write ^cycles as there are 
seen later techniques are available for~pre^_rows which contain lighted ceils. 
S£ Mormaticm rapidly in a form that is ^Ste toportant application pi I hue > by toe 
suitable for recording.' A sustaining signal writing is.thepreparati^ of 110 
generator 218 supplied, for example, anv one recording. Referrmg to Figure 23, we assume 
of me types of iteming signali previously that the array consists of ^J^^lll^-- 
desc^for mainS thTcelfe in their columns ^ % ^play^fir^r^^^ 
selected stable states. Changing the states erase cycle iTthe ™ e ^^^ ffi a S 115 
of selected cells is provided by suitable sig- ^ The information is then written on the dis- in 
falsfr^ pky.onelme^ mjrow 

pitching network. It is to be understood 217a. After 512 write g&&™£2££ 
mat abalanced arrangement can be pro- image is on to^ay^e*C P^WBU~- 
vided, wTTa s&ing network and is erased;:bne %e at a time, begmning^ 
Sling signal generator lor each of the line-217a, and in 512 erase cycles, the dis- 120 
two set^f inductors would be required: play has been completely erased 

K may bTnoted that more tfaanone c^* While it is not necessary that the wnte^ 
can tetarMd "on" (changed from "0" to and erase cycles^ ecrual, it is comment m 
T')or3 "orT^Ked from "1" to ^^torifig ^^^^m^ 125 
"0") simultaneously. Thus, if write signahrYo make them equal Using the term se 10 
are Sected to U row electrodes and N lect" cycle for either a wrrte cycle or an 
column electrodes, the cells at every one of erase cycle, we note that each Ime ™des 
theMtm^N toersections wfll be turned light for 512 select cycles, £™J^™^ „ 
"on" Similarly, if erase signals are connected uniform exposure for the entire image. _u 
to Aese^ecS, the Mtimes N cells will a select cycle is one microsecond, an entire 130 
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page could be recorded in a little over one 
millisecond. Thus, assuming that a record- 
ing device 216 could match the information 
input capability of the display, information 
5 could be recorded at the rate of about 1,000 
pages per second. Even with slow write- 
slow erase procedures described above, re- 
cording rates of 10 to 100 pages per second 
are possible. 

10 It is sometimes convenient to write in a 
character by character mode. The writing 
speed can be increased over the point-by- 
point procedure by writing in one select 
cycle all required cells in the same 

15 column. Hius, if the character is 
written on a raster of 7 rows and 
5 columns, the character may be written in 
five select cycles. An entire character line 
can be written in this manner by address- 

20 ing, with appropriate drive signals, the appro- 
priate rows of cells in a» group of adjacent 
rows in the array, starting, for instance, with 
the group consisting of rows 217a— 217d at 
the top of array 20. By sequentially ad- 

25 dressing the required columns, from one end 
of the array to the other, the desired cells 
in each of the selected rows can be turned 
"on" and a line of output information from 
the computer written into the array as shown 

30 in Figure 20. Application of the select sig- 
nals to the rows is synchronized with the 
application of select signals to the columns, 
in order that the required discharge signal 
is presented to the corresponding intersect - 

35 ing electrodes of the cells which are to be 
ignited. Any of the described drive signals- 
pulsed, sinusoidal, or the "slow- write, slow- 
erase" type can be used. 
Thus, the information is written into the 

40 array sequentially from the first character 
line, consisting of for example rows 217a — 
21 7d, to the last character line (rows 217w — 
21 7z), with each line being written sequen- 
tially from the first column 219a, at one 

45 end of the array, to the last column 219z, 
at the other end of the array. 

As mentioned previously, selected cells 
in an array can be energized by directing 
a beam of light to these cells, such as from 

50 a light pen-type instrument or from ligjit 
directed through a photographic negative, 
for instance, to transfer an image to the 
array. One technique is to present the bright 
light while simultaneously raising the drive 

55 signal voltage level to change the states of 
selected cells. Another technique is to 

-^.utilize a sustaining type signal and. to pro- 
duce photoelectrons in the cell at an oppor- 
tune time during the signal cycle. 

60 Referring to Figure 24, there is illustrated 
a continuous sinusoidal sustaining signal 220 
which can be applied to all rows and column 
electrodes of the array. The magnitude of 
the signal 220 is, of course, not sufficient by 

65 itself to change cell states. At a point of 



time in the signal cycle, identified by the 
reference character 222, photoelectrons are 
introduced into the cell by means of a flash 
of light indicated as a line 224. The photo- 
electrons in the cell rapidly respond to the 70 
electric field to neutralize it, thus forming a 
wall charge condition such that on the nega- 
tive half cycle portion of signal 220, the 
cell discharges at reference point 226 because 
the combination of the applied signal volt- 75 
age at this level and the voltage due to the 
wall charges formed from the introduced 
photoelectrons exceeds the required firing 
voltage. A discharge ag^in occurs at refer- 
ence point 228 on the positive half cycle of 80 
signal 220 in the normal manner. 

In order to turn the cell "off", it is neces- 
sary to reduce the wall charges sufficiently 
before the next half cycle of the applied 
signal. As is shown in Figure 24 at reference 85 
point 230, which is just before the signal 220 
crosses the zero reference axis, a burst or 
flash of light is again applied to the cell 
This neutralizes the effect of the previous 
wall charges so that the cell does not fire 90 
on the negative half cycle of the signal 220. 

Even if the photoelectrons are not pro- 
duced -rapidly enough, a variation of this 
technique is pbMB^using a. programmed 
gap m the sustaining signal After the "be- 95 
ginning of the gap, the bias level of the sus- 
taining signal is reduced through a circuit 
having a time constant, so as to provide a 
slowly decreasing voltage. Now the light 
source is turned on, and kept on, until 100 
enough photoelectrons have been produced 
to discharge the walls. Immediately there- 
after, but still within the gap of the sustaining 
signal, a bias voltage change opposite to that 
previously described is initiated, such that 105 
when the gap period is over, and the sustain- 
ing signal is again resumed, the wall charge 
is enough to insure the firing before the peak 
of the sustaining signal The cell, if it is 

0 initially, is now "1". If, on the other HO 
hand, the cell is initially in the "1" state 
the walls are charged at the beginning of the 
gap, and it is thus only necessary to then 
produce enough photoelectrons in the cell to 
discharge the wall during the gap time in 115 
order to change the state of the cell to "0" 
This can be accomplished by directing a 
light beam onto the cell during the gap so 
as to produce the photoelectrons. Notice 
that using this technique, a high intensity 120 
light beam and precise timing of the fflumin- 
ation on the cell with respect to the continu- 
ous sinusoidal signal, as r*eviously men- 
tioned, is not required. Since photoelectrons 
are produced during the gap time, a less in- 125 
tense light source could be utilized. 

Some of the previously mentioned appar- 
atus and techniques can be combined for 
use in the television art. For instance, 
line-by-line writing of information into the 130 
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cell array as previously mentioned is similar 
to the manner in which display information 
is presently utilized in a television receiver 
for driving the cathode ray tube in a line- 
5 by line manner to form the composite pic- 
ture. Furthermore, the previously mentioned 
capability of utilizing an array of cell 
clusters, in which selected cells or com- 
binations thereof can be actuated for differ- 

10 ent desired intensities, enables the display 
to exhibit a variable contrast or gray scale 
which is desirable for television applications. 

In addition, another technique designated 
as the "duty cycle technique" can also pro- 

15 vide variable contrast or gray scale. This 
technique was previously described. 

In standard blade, and white television 
practice, the signals are. processed as they 
are received, and the image is drawn on 

20 the cathode ray tube one line after the other. 
Each line is drawn from left to right in 
about 60 microseconds. With the panel das- 
play, the entire line is written in one light 
cycle. The decoder 244 and the encoder 246, 

25 shown in Figure 25, represent the circuits 
that process the information in a single TV 
line for writing into the display. This pro- 
cessing can take up to about 60mjgrss€g2nfls.. 
to complete. AHh«rend"6f fEf time, it must 

30. jxansfeTlhe information to the driver and it 
must accept another TV line for processing. 
The combination of various color capabilities 
with different phosphors, along with either 
gray scale technique in a cell array, would 

35 be highly desirable as a multi-color display^ 
device for use in a color television receiver. 

It is well within the scope of the invention 
to combine the teachings herein in order to 
effectively replace the normal black and 

40 white cathode ray tube in a television re- 
ceiver with an array of clustered cells or 
with the duty cycle technique according, to 
this invention for exhibiting black and white- 
television pictures with, of course, the neces- 

45 sary gray scale. m _ _^ . , 

Referring to Figure 25, there is illustrated, 
in block diagram form, a television receiver 
240 having the aforementioned rapahjhbes. 
An antenna 242 receives frequencies in the^ 

50 television band containing the normal black 
and white information, synchronization sig- 
nals, etc. in the standard format. 

Because the- received information is not 
in the proper format for driving the cell 

55 array of this invention, the signal-must be 
coupled to decoder 244 and encoder 246. The 
decoder 244 and encoder 246 cooperate to 
take the received display information, in ana- 
log form in a standard TV signal, decode? 

60 this information and then put the information 
into a proper digital format for driving the 
• cell array 248. . 
A sustaining signal generator 250 supplies 
sustaining signals capable, of maintaining 
65 each of the cells in one of their bistable 
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states, as previously mentioned. Switching 
of selected cells between their stable 
states is provided by information 
coupled through suitable drive and 
switching networks 252 for actuating the se- 
lected cells in accordance with the informa- 
tion provided from the encoder 246. Asan 
illustration, Figure 25 shows a picture wrto 
contrasting brightness levels which may be 
obtained by writing into the cell array 248, 
in a line-by-line manner, and by either se- 
lecting the proper combination of cells in 
eachcluster or by utilizing the duty cycle 
technique. 

Figure 26 illustrates a still further appor- 
tion of this invention utilizing an array 254 
of individual cells having coupled thereto a 
sustaining signal generator 256 of the type 
previously mentioned. In this application, 
the array of individual cells 254 is utilized 
to store an image from a document 258 for 
eventual recording on a recording device 
260. 

A beam of light 262 sufficient to jsncom- 
pass the area of the document 258 is directed 
thereto. In the illustration of Figure 26, it 
is arranged such that the document 258 is, 
forinsfancera photographic negative where- 
in the image represents a clear area on toe 
document so as to permit the light to be so 
transmitted through the document in the 
image area, whereas light is otherwise 
•blocked outside of the image area. As men- 
tioned previously, if particles are produced 
in the cell by photoelectric emission, wall iuu 
"charges within the cell can be suitably formed 
so toat-the combination of -the voltage due to 
the wall charges and the applied sustaining 
signal is sufficient to discharge the cell Thus, 
byenabling the light beam 262 to penetrate 105 
only the image area on document 258, the 
beam passing through the document wfflthen 
-energize the corresponding individual cells 
fiT cell array 254. The image is, of course, 
thereafter retained on the array by means of liu 
the sustaining signal generator 256 so that . 
the light beam ^ te^^ved^^-7 . 
The image-t^n "thereafter be conveniently 
.-transfer^ 7 to a recorder 260 by any con- 
venient means which can detect the difference H5 
between the cells containing the image in- 
formation and the remaining cells on toe 
array 254. Any photb-sensitrve type device 
can be utilized which would detect and 
react to the light image from the cell con- 121 
fining the ima^inTormation on the array 
254^ancL^rovide corresponding output in- v *5 

" ^document laving the information in the 
dark areas, with the remaining areas of toe 12. 
document relatively lighterrsuch as, for 
instance, in a typewritten sheet of material, 
will permit the fight beam 262 to penetrate 
the general areas of the document 258 and 
thereby excite the corresponding cells .m 13< 
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array 254. Li this manner the darkened 
areas cm the array 254 will represent the in- 
formation contained in the darkened areas on 
the document 258. Suitable recording 
5 means 260 can be utilized to transfer the 
information now stored in the darkened areas 
in cell 254 to a more permanent form. 

It is clear that an apparatus designed 
to provide only this copying function need 

10 not be connected to a computer. This gives 
rise to simplification of the array driving 
circuits in Figure 26. No selection networks 
are required, and within each set of con- 
ductors on respective sides of the cell array 

15 all exciting electrodes can be connected to- 
gether. 

An alternative construction applicable for 
small displays of alpha-numeric characters 
can simplify the electrode arrangement In 

20 this alternative embodiment, instead of using 
crossed grid electrodes, as has been previ- 
ously illustrated, we can use, at each char- 
acter position as shown in Figure 27, a 
matrix of bar electrodes 280, only a few of 

25 which are shown, suitably placed so that by 
choosing appropriate bars, we can obtain 
the necessary characters. The matrix con- 
figuration on the front panel can be a set 
of bars 280 such that by choosing appropri- 

30 ate ones, we could construct any of the 
letters of the alphabet or any of the num- 
bers — the required matrix configuration of 
electrodes being well known by those skilled 
in the art. On the back of the panel 282 

35 we would simply have a series of solid elec- 
trode plates 284, each covering the respec- 
tive character position denned by the corre- 
sponding set of bar electrodes on the front of 
the panel. The inner part of the display 

40 (panel 282) could be constructed the same 
as before, that is with many small holes, 
because it is not necessary to use individual 
electrodes to light each hole. In this appli- 
cation, a single bar 280 will light all of the 

45 holes under that bar simultaneously. It is, 
therefore, only necessary to provide the elec- 
tronic means to select the appropriate bars. 
As an alternative, large holes specifically 
located under each electrode, or a cavity 

50 under each electrode can be provided. It 
is to be understood that instead of the in- 
dividual back plates, one large conducting 
plate covering all of the character positions, 
or a similar set of bar electrodes on the 

55 back panel, may be utilized. 

An interesting extension of this technique, 
which makes possible very fast addressing in 
""""^a display, is to utilize the individual con- 
ducting back plates at each character posi- 

60 tion, for character position selection. A 
message is scanned to identify, for example, 
all of the A's in the message. Then, follow- 
ing this, all of the individual back plates 
that correspond to positions where there are 

65 to be A's are excited with, of course, the 



appropriate bars at all the character posi- 
tions on the front of the panel that make 
up A's. The selection of locations where 
these characters are to appear is made by 
selecting the appropriate back plates. In a 70 
similar manner, the locations for other char- 
acters and other numbers are determined 
and written into the display in the same way. 
In this manner, an entire message including 
all the letters of the alphabet and all of the 75 
digits would be completed in 36 write cycles. 

The foregoing description has been given 
for clearness of understanding only, and no 
unnecessary limitations should be understood 
therefrom, as modifications will be obvious 80 
to those skilled in the art. 

Our co-pending Specification No. 35924/68 
(Serial No. 1,161,833) includes subject-matter 
in common with the disclosure herein in re- 
spect of Figures 1 and 2. 85 

WHAT WE CLAIM IS:— 

1. A pulsing discharge gaseous informa- 
tion device including a plurality of pulsing 
discharge minicells, each of said minicells 
comprising: 90 

a cell having inner walls; 
a gaseous discharge medium in the cell; 
and 

a pair of electrode means conductively iso- 
lated from the cell and including means for 95 
connection to a source of pulsing discharge 
signals for forming wall charges in said cell, 
the presence or absence of said wall charges 
imparting said information. 

2. The device according to claim 1 where- 100 
in the gaseous medium comprises a mixture 

of neon and about 2 — 10% nitrogen at a 
total pressure of about 315—740 millimeters 
of mercury. 

3. The device according to claim 1 or 105 

2 which includes an array of a plurality of 
the pulsing discharge minicells wherein one 
of each of the pairs of electrodes is aligned 
in common with a group of the cells and 
the other of the pairs of electrodes is com- 110 
mon with at least one of said group of 
cells. 

. m 4. The device according to claim 1, 2 or 

3 wherein said electrode means includes 
means for permitting selective operation of 115 
the minicells, and electrical connections 
thereto. 

5. The device according to claim 1 or 
2 in the form of a bistable gaseous device 
adaptable for storing information in infor- 120 
matron systems, said device comprising : 

a non-conducting member having said 
cells therewithal bounded by said inner 
walls, said non-conducting member inter- 
mediate said respective pairs of electrode 125 
means; 

each pair of electrode means aligned with 
a respective inner wall and comprising means 
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for receiving said discharge signals con- 
veying information; and 

means included in the gaseous discharge 
medium in said miniceDs for causing wall 
charges to rapidly form on said respective 
cell inner wall surfaces in response to said 
discharge signals resulting in a pulse type 
discharge, the presence or absence of said 
wall charges imparting said information. 

6. The device according to claim 5 where- 
in the cells are isolated within said non- 
conductive member, said inner wall surfaces 
comprising means for supporting wall 
charges thereon for imparting information; 
and 

said electrode means comprising me^ans for 
receiving electrical discharge sustaining sig- 
nals capable of discharging said gaseous 
medium only during the presence of said wall 
charges in the cell, whereby the charged, con- 
dition of said cell wall is maintained so-^as 
to store said information. t " -• 

7. The device according- -to" claim 6 
wherein the electrodes* comprise means for 
receiving a series of intermittent pulse type 
electrical discharge sustaining signals having 
a niagnitude jnsm<fiti^ cell 
without, wall charges. - ^ 

8. Tie device according to claims? 
wherein the electrodes comprise means fpr^ 
receiving sinusoidal, shaped, electrical dis- 
charge sustaining signals. 

9. The device according to claim 6, 7 
or 8 which includes means for initially form- 
ing the wal^eharge during the discharge of 
the^gaseous medium" in a cell without wall 



tion of the wall charges in said selected cells, 
the wall charges and information being main* 
tained in the selected cells by succeeding 
discharges provided by the sus taining signals. 
• 14. The device according to claim 11, 12 
or 13 in the form of a disnlay panel, which 
comprises an array of minicells; and means, - 
for producing photo-electric- emission in.se- 
lected cells to introduce inf ormatibn. into 
thecells. ' . -. ;'; -v : 

15. The display panel according tQ claim 
14 which comprises means for ob taining the 
photo-electric emission by passinghigh inten- 
sity light. through an. image,, so as to transfer- 
said image to said panel array. • ". " 

16. The device according to any one of 
^lamift 5 to 13 in the form of- a .panel, array 
for storing information, which comprises an 
array of said minicells, said discharge signals 
being coupled to a respective pair of elec- 
-troclemeans in said minicell array for causing 
a discharge in the corresponding gaseous 
medium, said discharge causm^^d-THpid" 
transfer of charged particles ~tb the respect 
tive cell inner- walls " tdfacent said oair of 
electrode means in an amount sufficient to 
extinguish the discharge immediately after 
initiation thereof, thereby providing said 
puke type discharged ' m 

17. The device according to xatoJfl""*- 
"which includes selection §jgaal meansTor dis- 
charging the gaseous medium in selected cells " 
so as^to form a charge on "the inner- cell 
walls, theresulting wall charge conditions in 
selected ceDs imparting : the inf ormation. 

18. . Tid device accordihg to <cMnr;i7 
which includes sustaining signal means ; 
coupled to each of the paired conductors .for 
' mamtaming^the wSt charge conditions in the 
selected cells, thereby storing ;the associated 105 
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10T The device according to any one of 
claims 6 to 9, which includes selection 
40 means coupled to the electrodes for initially seieC xea cens, inercuy stumig 
"forming the wall charges in the cell, said -infomiation in the panel array, 
selection means comprising a selection sig- jp . Xhe device according to claim 17 .or 
nal having a magnitude sufficient to dis- lg wherein. the selection signals are coupled 

charge the gaseous medium in a cell without - J — - — - 

45 wall cha " J "*"~ ^™ 

provided 
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fairiing said initially formed wall charge cIa ^v. ^ ~ i£ wherein the gasebus'medium: 
condition. - • . . includes means' for producing visible fight 

11. Hie device according to any one of . a^^^tixtoue^ . : 
claim 6 to 10, which comprises me^for-.a^^ 

introducing the wall charges into-the cell ^^x&e^vlct^ccording to [any dne-of- V 
by photo-electric emission, so as to impart > „ ^^jn the ^eousihedium v 

lifo^oninto.saac^^ mfon^ gg£ 6 £SS?pBSffl^ito UgW 
thereafter being maintained by the electncal ^"^e^l^iarge «f- sufficient intensity - - 
sustaining signals. _• : ... "i <a ^ w ing by ah ^ observer; aM.^sustaini "120 

12. The device . accordmg.to anj -one of., |£ repeated at such a rate as to :_i 
claims 6 to 11, which comprises rn^ns <jnr Suc^ ap*atfart continuous Vdischargfe* 
receiving electrical ^discharge sustemmg *g- ISffi^^ed by an observer, v 
nals so as to mamtam tbe-waH charged con- ? w uuiu v u . ' ■: " — 
ffif" cells having said condition, there- 22,. &dm» accordmg ,tp anyone, of 
bVstoring the information in the array. churns 16 to^wherem the P™^5 125 

13 The device according to claim 12 cells is arranged art toy and column, epn- 
wherein £ SonSkarc coupled to. figuration and the de^^nductors^ are , 
S Xf hfthe array to impart infor- in mutually orthogonal 

thereto corresponding to the format sides: of the h^fl^.nflo^^.ttat ... 
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each intersection of a pair of said conductors 
is aligned with a corresponding cell 

23. The device according to any one of 
claims 16 to 22, wherein one set of the con- 

5 ductors on one side of the insulating member 
is connected to A.C ground, and further in- 
cluding a conducting plate on the other side 
of said insulating member immediately spaced 
from the other set of said conductors, said 

10 conducting plate being grounded, whereby 
said panel array is RJ 7 . shielded. 

24. The device according to claim 16 
including means coupled to said electrode 
means for manipulating wall charges formed 

15 within said cells so as to thereby impart in- 
formation thereto. 

25. The device according to claim 24, 
wherein the means for manipulating the wall 
charges comprises pulse signal means for 

20 providing a series of pulses, said pulses cor- 
responding to said information. 

26. The device according to claim 24 or 
25, wherein the means for manipulating the 
wall charges comprises sinusoidal signal 

25 means for providing sinusoidal shaped sig- 
nals corresponding to said information. 

27. The device awarding to claim 24, 25 
or 26, wherein the means for manipulating 
said wall charges includes means for selec- 

30 tivdy coupling information into and out of 
said cell in accordance with the correspond- 
ing transfer of said wall charges. 

28. The device according to any one of 
claims 24 to 27, wherein the means for 

35 manipulating the wall charges comprise sus- 
taining signal means including sustaining 
signals for periodically discharging said gase- 
ous medium in a pulsing manner, and there- 
by maintaining said wall charges relating to 

40 a first information state, and wherein said 
sustaining signals are less in magnitude than 
the level required to initially discharge said 
cell for setting wall charges in the cell corre- 
sponding to said first information state. 

45 29. The device according to any one of 
claims 24 to 28, wherein the means for 
manipulating the wall charges includes means 
for transferring information selectively into 
and out of said panel array. 

50 30. The device according to any one of 
claims 24 to 29,. including means for pro- 
viding interrupted, sinusoidal signals capable 
of discharging the gaseous medium only in 
the presence of said wall charges in the cell, 

55 whereby said wall charges in said -cell are 
maintained, so as to store said information, 
--during the time said signals are provided. 
31. The device according to claim 30, 
which includes selection signal means for 

60 varying the reference level of said inter- 
rupted sinusoidal signals, thereby either ini- 
tially forming the wall charges or removing 
the wall charges from selected cells, said 
forming and said removing corresponding 



respectively to the entering or removal of 65 
the information in the array. 

32. The device according to any one of 
claims 24 to 31, wherein the plurality of 
minicells is arranged in a row and column 
configuration; and 70 

which includes means for transferring in- 
formation to the panel array in a line by line 
manner from one end of the array towards 
the other end. 

33. The device according to claim 32> 75 
wherein each of the lines comprises a row of 
the minicells. 

34. The device according to claim 32 or 
33, wherein each of the lines comprises a 
group of adjacent rows of minicells. 80 

35. The device according to ciaim 32, 
33 or 34, wherein said electrode means com- 
prises a plurality of paired conductors, the 
plurality of paired conductors is arranged 

in a row and column conductor configura- 85 
tion, each row and column conductor corre- 
sponding to a respective row and column of 
said cells, and wherein the information-trans- 
ferring means comprises means for selecting 
at least one of the row conductors of a group 90 
simultaneously with sequential selection, 
from one end of the array to the other end, 
of one of a plurality of column conductors 
intersecting said group to discharge the gase- 
ous medium in corresponding cells at the in- 95 
tersection of said selected row and column 
conductors, thereby writing information into 
a line from one column end of the array to 
the other column end. 

36. The device according to any one of 100 
claims 16 to 23, which includes switching net- 
work means coupling digital information 
directly to said array for selecting cells and 
dis charging the gaseous medium therewithin 

in accordance with said information. 105 

37. The device according to claim 36, 
wherein the switching network means com- 
prises an array of minicells for each set of 
the paired electrodes on respective sides of " 
the non-conducting member, such that the 110 
digital information discharges respective cells 

in the switching network arrays to provide 
low impedance paths through said array to 
the corresponding pairs of conductors associ- 
ated with the selected cells. 115 

38. The device according to any one of 
claims 16 to 23, comprising a plurality of 
said panel arrays for storing information in 
the form of word data bits, each panel array 
corresponding to one of a plurality of bit 120 
positions, and means for selecting a de- 
sired pair of the electrodes on corresponding 
panel arrays to discharge selected cells there- 
in and thereby transfer said data word into 
said plurality of panel arrays. 125 

30. The device accreting to claim 38, 
which includes read out means for transfer- 
ring the stored information from the plurality 
of panel arrays. 
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40. The device according to claim 39, 
wherein the read out means includes interro- 
gating means for interrogating the state of 
selected cells within said panel arrays, and 
light detecting means adapted to detect the 
state of the selected cells in co-operation 
with said interrogating means. 

41. The device according to any one or 
claims 16 to 23 in the form of a display 
panel, which comprises a plurality of the 
minicells arranged in groups of at least two 
cells at each of a plurality of display posi- 
tions on the display panel; and 

means, associated with each group of cells, 
for varying the intensity of wavelength of 
light emitted from said display positions dur- 
ing discharges of the gaseous mediums in 
the cells. ^ , . AA 

42. The device asrording. to._ claim 41, 
wherein the means for varying the intensity 
of light emitted "comprises a screening ele- 
ment having, at each display position, at 
least two areas of differing transparency, each 
area overlying a respective cell. , 

43. The device according" to claim 42 
wherein each display position includes four 
cells the screening element includes four 
areas of differing transparency, ^sach area 
overlying a respective cell, so that the light 
emitted from each cell in the group^vanes 
in a binary manner. 
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48, which comprises applying an information 
imparting first signal to said gaseous medium, 
externally of said uncharged wall surfaces, 
of sufficient magnitude to discharge aid 
gaseous medium and thereby form chaiges on 
the inner wall surfaces, said charges, corre- 
sponding to said information to be stored; 
and 

applying a second signal, of less magnitude 
than said first signal, to said gaseous 
medium, externally of said wall surfaces, to 
combine with the voltage due to said wall 
charges resulting from the appfccation^f 
said first signal and thereby discharge the 
gaseous medium in cells having said wall 
charges, whereby said wall chaiges are main- 
tained and said information is stored in the 
cells. 

50. The method according to claim 49 
which, comprises applying an interrupted 
sinusoidal signal to said cell, said signal 
having a magnitude insufficient to dis- 
charge a cell without said wall charges, but 
sufficient to discharge a cell with said wall 



70 



75 



providing a bias signal having, a -slowly 
decreasing voltage over a predetermined time 
interval conesponding to the gap time of said 
interrupted sinusoidal signal; . 

applying said bias signal to said cell dur- 
ing said gap time; 
subjecting said cell to iMormation-im- 
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95 



aa Tphe device 'according to any one of auvjwui^ r . . , 

clatns 16 t f» in Mta rSa of a display parting P^dectnc ^nvmm durmg sud 
oaneL which comprises phosphor matenaT .gap time to form wall charges withm saKi 
35 aSu^wk^minice^; said phosphor Has corresponding to said ^Sornv^imd 
^S^mpX means, responsive to applying a slowly mcreasing bias voltage 
SSew adned during the discharges during said gap time, and until the end of 
of the gaseous medium in the respective cells, 
for providing visible light of a desired.waye- 
length. ~ . 

45. The device according H:0 claim 44 
wherein selected minicells are associated 
with respectively selected phosphor materials 
to provide visible light of various respective 
desired wavelengths. 

46 The device according to any. one of 
claims 41 to 43 which comprises at least 
two different phosphors associated with re- 
spective cells at each display position, said 
phosphors including means, responsive to 



said gap; 

whereby at the end of said gap time when 
-the interrupted sinusoidal signal again ap- 
pea*srNthe voltage due to the wall charge 
combined^w&h the sinusoidal signal is suffi- 
cient to discharge^said cell so as to store said 
information therein. • • — ^-"^ 

51. The method according to any one 
of claims 47-to 50"fbr-enfering a line of in- 
formation into & -row and column array of 
gaseous discharge cells, said line correspond- 
jng tcfa" single row of cells, said method com- 
prising 



100 



105 



110 



S r^t^e^emitted during the dis- applying a first po£on of the MgLfc. 

SL^f u^Sus medium, for providing quired to p^^^^^^^S 

S h^tof^nesponding wavelength. cells, srfd discharge signal ^espondmg 

47 A . method I of praenting information, to the information to be entered into said 

£ ^c^ ^tn'eously allying the remaming 

parSg ^Tof sSt magnitude, to portons .of-lte /^.^^^^ 
H^^aTSeeaseous medium in the mini-_ selected ones of the columns of ceUs inter- 
S3 Serein wall charges on ttf secting.said row. so as _to enter said hue of 



inner wall surfaces corresponding to said 
information to be stored. m ^ 

48 The method according to claim 47, 
wherein the wall surfaces are initially un- 
charged. , . Ar1 

49. The method according to claim 47 or 



. information into the respective cells at the 
intersection of said selected row and said 
columns. t . " 

25 The method according to claim 51 
which further comprises sequentially apply- 
ing, from one row at one column end of the 
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array to another row at the otter column 
end of the array, said first portion of the 
required discharge signal; 
said remaining portion of the discharge 

5 signal being simultaneously applied to all 
of said columns for each sequential appli- 
cation of said first portion of the signal; 

whereby said information is entered into 
the array one line at a time from one row at 

.0 one column end of the array to the final 
row at the other column aid of the array. 

53. The method according to claim 51 or 
52, wherein for entering a line of informa- 
tion which line corresponds to a group of 

"5 adjacent rows, the first portion of the sig- 
nal required to discharge said cells is applied 
to one or more selected rows of cells in said 
group and the remaining portion of the re- 
quired discharge signal is simultaneously 

£0 applied to the columns of cells intersecting 
said row sequentially from one row end to 
the other row end. 

54. The method according to claim 47 
for entering information into a device ac- 

25 cording to claims 11, 12 or 13, comprising: 
subjecting said cell to information-impart- 
ing photo-electric emission to form wall 
charges therein corresponding to said infor- 
mation; and 

30 applying a signal to said cell, said signal 
having a magnitude insufficient to discharge 
a cell without said wall charges, but suffi- 
cient to discharge a cell with said wall 
charges, said signal magnitude combining 

35 with the voltage due to said wall charges to 
thereby discharge said cell and maintain 
said wall charges therein. 

55. The method according to claim 47 
for providing a variable contrast in a gaseous 

40 display information panel having a plurality 
of gaseous discharge cells, and wherein said 
information is entered and removed from 
said panel by manipulating wall charges asso- 
ciated with corresponding cells, said method 

45 comprising: 

providing a sustaining signal having a volt- 
age magnitude insufficient to discharge a cell 
without wall charges; 
providing a bias signal having a slowly 

50 increasing voltage over a predetermined time 
interval; 

applying the combination of (1) said bias 
signal, with said slowly increasing voltage, 



and (2) said sustaining signal to said plur- 
ality of cells in said panel, for steadily in- 55 
creasing said sustaining signal over said pre- 
determined time interval so as to discharge 
said cells and thereby form wall charges; 

selectively adjusting said bias signal for 
respective cells, after said discharge, until 60 
a subsequent succeeding discharge occurs at 
a pretermitted resr^ctive desired level, so 
as to set a reference initial wall voltage into 
respective cells; 

removing said bias signal and said sus- 65 
taining signal from said cells, and 

reapplying said combined bias signal, with 
a slowly increasing voltage, and sustaining 
signal to said plurality of cells, 

whereby the beginning of the discharge 70 
erf each respective cell is controlled accord- 
ing to the amount of said reference initial 
wall voltages. 

56. The method according to claim 55, 
wherein the sustaining signal is steadily in- 75 
creased from a level somewhat below that 
required to discharge a cell with wall 
charges, to a level somewhat above that re- 
quired to discharge a cell without wall 
charges. 80 

57. The device according to claim 1, in 
the form of a panel array for displaying 
alpha-numeric characters at a plurality of 
character positions on said panel array, which 
comprises an array of said minicells, and 85 
said pair of electrode means comprises a 
plurality of predetermined groups of elec- 
trode elements, each group located at a 
character position and including means for 
forming any alpha-numeric character at said 90 
character positions in response to said dis- 
charge signals. 

58. A pulsing discharge gaseous infor- 
mation device adapted for panel array sub- 
stantially as herein described with partial- 95 
lar reference to the drawings. 

59. A method of presenting informa- 
tion to a pulsing discharge gaseous informa- 
tion device, according to claim 47 and sub- 
stantially as herein described. 100 
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